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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

loctrotachoioo] oo do e dio o4 oo
FICCLI ULUUITITIVUAT 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 (see 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 such'patent rights. D¢tails of
iny patent rights identified during the development of the document will b€ in the Introductior] and/or
bn the ISO list of patent declarations received (see 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 of the voluntary nature of standards,)the meaning of ISO specific ters and
pxpressions related to conformity assessment, as well as information about ISO's adherenc¢ to the
World Trade Organization (WTO) principles in the Teghnical Barriers to Trade (TBT) see www.iso
org/iso/foreword.html.

[his document was prepared by Technical Committee ISO/TC 115, Pumps, in collaboration with ASME
A Standards Committee — Industrial SystenvEnergy Assessment.

Any feedback or questions on this documeént should be directed to the user’s national standards|body. A
romplete listing of these bodies can bé-found at www.iso.org/members.html.

[his second edition cancels and feplaces the first edition (ISO 14414:2015), which has been technically
evised. It also incorporates the Amendment ISO 14414:2015/Amd.1:2016. The main changes compared
o the previous edition are-as:follows:

— 4.2 has been slightly modified;

— Table 2 has been-modified to add descriptions of “histogram” and “duration” diagrams;
— 5.6.4 hasdeen redrafted;

— the terni“specific energy” has been replaced by “specific energy consumption”;

— Formulae G.1, G.2 and G.4 have been corrected to align with ISO 17769-1;

- the bibliography has been modified;

— the document has been editorially revised.
ASME is the registered trademark of The American Society of Mechanical Engineers.

This standard was developed under procedures accredited as meeting the criteria for American National
Standards. The Standards Committee that approved the standard was balanced to ensure that individuals
from competent and concerned interests 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
public input from industry, academia, regulatory agencies, and the public-at-large.
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» o«

ASME does not “approve”, “rate”, or “endorse” any item, construction, proprietary device, or activity.
ASME does not take any position with respect to the validity of any patent rights asserted in connection
with any items mentioned in this document, and does not undertake to ensure anyone utilizing a
standard against liability for infringement of any applicable letters patent, nor assumes any such
liability. Users of a standard are expressly advised that determination of the validity of any such patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be
interpreted as government or industry endorsement of this standard.

ASME fccepts responsibility for only those interpretations of designated documents issuedCiy
accordqnce 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 thij
standard.

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

Pumping 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
than is required by the process. The excess energy added to the system (e.g. due to throttled

greater
control

valve) increases heat, noise and vibration but also increases the system’s maintenance costs. Oversized
pumps will cause excessive energy within a system. Increasing the size of the components within the

system such as pipes, valves and heat exchangers can, however, result in lower energy consump

tion.

['his document provides a method to assess pump systems, to identify and quantify pump systen]
ronsumption reduction opportunities and reliability improvement opportunities. It gives a g
lefinition for what constitutes an assessment for both users and providers of assessment.-Serv
bbjective is to provide clarity for these types of services which have been variously deseribed as
hssessments, energy audits, energy surveys and energy studies.

n all cases, systems (energy-using logical groups of equipment organized to perform a
unction) are analysed through various techniques such as measurement;.resulting in identil
Hocumentation and prioritization of energy performance improvement gpportunities.

When contracting for assessment services, facility personnel can.use this document to def]

his document is expected to contribute to decreased emergy consumption and consequsg
lecreased carbon footprint.

efficient system operation and energy reduction opportunities in Annex B, information on compg
ind experiences welcomed to perform audit in Aunex C, guidelines for analysis software in An|
ypical example of pre-screening worksheet in\Annex E, information on specific energy const
n Annex F, information on the concept of parasitic power in Annex G and examples of pumping]
efficiency indicator in Annex H.

['his document is developed within thé framework of ISO 50001, ISO 50002 and ISO 50003.

energy
ommon
ices. Its
energy

specific
ication,

ne and

fommunicate their desired scope of assessment activity to third party contractors or consultants.

ntly to

[his document includes the required assessment report content in Annex A. It gives examples of

ptencies

hnex D, a

mption
system
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Pump system energy assessment

1 Scope

This document sets the requirements for conducting and reporting the results of a pumping

system

bnergy assessment (hereatter referenced as "assessment” ) that considers the entire pumping
‘rom 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'‘consy
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 document is designed to be applied, to open and closed loop pumping systems typically
ndustrial, institutional, commercial, and municipal faciliti€sywhen requested.

[his document is focused on assessing electrically-driven pumping systems, which are dom
most facilities, but is also applicable with other types-of drivers, such as steam turbines and ¢
he document does not

h)  specify how to design a pumping system,

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

) address the training or certification of persons,

1) specify how to implementithe recommendations developed during the assessment, but does
requirements for an ac¢tion plan,

L
L

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

) specify howsto make measurements and how to calibrate test equipment used dur
assessment,

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

System,

mption

used at

nant in

ngines.

andard

include

ssment

ing the

dations

)\ 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 are referred to in the text in such a way that some or all of their

content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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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, ISO 17769-2 and the
followipg apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISQ Online browsing platform: available at https://www.iso.org/obp

— IE(JElectropedia: available at http://www.electropedia.org/

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

3.2
components
individfial items of equipment within a system

EXAMPILE Pump, motor, drive, valve, heat exchanger.

3.3
hydraulic power

pumpq-:)\wer output

power imparted to the liquid by the pump

3.4
electri¢al power input
power fequired to support the pumping system operation

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

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

4 Identification of the assessment team, authority and functions

4.1 Itllentification of assessment team functions

The assessment team composed of knowledgeable personnel shall have members that are assigned
responsibility and authority to carry out the following functions.

— Resource allocation, in order to:
— allocate funding and resources necessary to plan and execute the assessment;

— exercise final decision making authority on resources;

2 © ISO/ASME 2019 - All rights reserved
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— 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;

— participate in organizing the assessment team and coordinate access to relevant personnel,

systems, and equipment;

— organize, schedule activities and manage the assessment.

#.2 Assessment team structure, leadership and competency

[he assessment team should comprise of personnel from cross functional backgrounds.

t shall include:

— an assessor who has the pump system analysis competencies as described in Annex C;

— the host organization representative who has overall respoinsibility and ownership
assessment.

'he assessment team should also include:

— experts on the processes and the function of the system;

— experts on the maintenance practices of the pumping system;
— experts who can provide the team with cost data.

[he assessment team may be from the host'erganization or enhanced by using outsourced spg
particularly considering the competence(of the assessor.

'he host organization shall appoinf.the assessment team leader. This person may be a host

HSSESSOr.

#.3 Facility management support
Facility managemenit $hall understand and support the purpose of the assessment.

Facility management shall allow assessment team members from the facility to participatg
hssessmenttoithe extent necessary.

he assessment team shall gain written support of facility management prior to conduct
hssessnent, as follows:

for the

cialists

facility

bmployee or an external assesson’In small organizations, the team leader may be the competent

in the

ing the

—\commit the necessary funding, personnel, and resources to support the assessment;

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

4.4 Communications

Lines of communication required for the assessment shall be established.

The assessment team shall provide clear guidance to facilitate communications among members of the
assessment team so all necessary information and data can be communicated in a timely manner. This

shall include administrative data, logistics information, as well as operational and maintenance

© ISO/ASME 2019 - All rights reserved
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4.5 Access to facilities, personnel and information
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,

— othler information sources such as drawings, manuals, data sheet, maintenance records, test reports|
historical utility bill information, computer monitoring and control data, electrical equiprhent
panels, and calibration records.

All datp initially identified as essential to the assessment shall be obtained in discussions with
knowlefgeable facility staff.

4.6 Assessment objectives, scope and boundaries

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

The asgessment team shall develop a list of site specific objectivesdor-each pumping system, such aj
performance improvement targets.

4.7 Alction plan

4.7.1 |General

An initilal action plan for the assessment shall be.developed and agreed upon by the assessment tean
and sydqtem owners in order to facilitate the assessment and to make it clear to all assessment tean
membels how the assessment shall be conducted.

The action plan shall be flexible enough)in order to accommodate various outcomes depending of
finding$ during the assessment, among others:

a) estpblish assessment objectives, in particular:

— | determine system bouhdaries (see 5.4);

— | review information that has been collected before the start of the assessment;
— | identify howimuch is known about the systems and what general information has to be obtained
— | start with a level 1 assessment (see 5.1.2);

b) ideptify’informational objectives for the assessment (see 5.1):

— determine how extensive the assessment is;
— identify the systems that are included in the assessment;
— identify what specific information is available and what is necessary to collect;

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

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

4 © ISO/ASME 2019 - All rights reserved
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establish measurement requirements (see 5.6) in particular:

— identify whether a snapshot of the conditions is sufficient (level 2 according to Table

1) or if

it is necessary to collect information during an extended period of time (level 3 according to

Table 2);

— identify if permanently installed measurement equipment is available and trustworthy;

identify additional informational objectives and, in particular, true process demands (see 5.4);

4
~—

)

1.7.2 Assessment scheduling

[he dates of the assessment, and dates and times of key meetings-shall be designated in ady
peginning the assessment.

[he assessment meetings shall include:

[he assessment team shall“determine corrective courses of action for irregularities that ma
pccur during an assessment (such as the failure of a computerized records system).

4.8 Initial data.collection and evaluation

1.8.1 General

Beforethe start of the assessment, the initial data collection [see 4.7.1 a) and b)] shall be n
expedite the process, precollection data are optional.

1dentily the methods required to meet assessment Informational objectives:

— identify how the data are going to be analysed, taking into account the recommendatiops from

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

identify content of the report and responsibilities.

kick-off meeting. It shall occur just prior to the commiencement of the assessment. The put
this meeting is to review information to be collected in the initial data collection and ev{
(see 4.8) and establish the work schedule. At this meeting, the assessment team should dis
safety protocols, tools, methods, measuremeiit, metering and diagnostic equipment require

daily schedule(s) for the on-site assessmént;

ance of

pose of
iluation
uss the
d;

periodic reporting to facility managers in the form of debriefings should occur as agreed-fipon by

the assessment team;

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

ssment

y or do

ade. To

OTE I'nis information 1s used 1n all assessment phases.

4.8.2 Initial facility specialist interviews

The assessment team shall collect information on operating practices and any specific operating
considerations that affect energy use for the equipment through contact with personnel and specialists.

The assessment team shall also have access to facilities personnel who understand connected systems
that will be influenced by changes made to the pumping system.

© ISO/ASME 2019 - All rights reserved
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4.8.3

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 being assessed.

4.8.4

The ass
conside

Energy cost

essment team shall collect cost data including electricity cost per kWh, or other similar terms,
ring all charges such as demand charges, peak rates, time-of-the-day rate and any other costs

up to t
electrid
avoided

The ass|
The as3

situatilns not made obvious by the use of average values.

From t
over th

If a fad
calculat

4.8.5

The ass|
— def]
— ide
— ide
— ide
— ide

— ide

efficiency operation (see Figure B.2).

4.9 (bjective check

Prior ta
stated 4

The act
and cap

TE POt of use—Where Trecessary, appropriate tosts shoutdbeassigmedto omsite gemeratet
ity. These costs should be used in subsequent analyses. If electricity is generated on site ths
cost or potential sales cost of the energy should be used.

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

essment team should also consider issues such as demand charges and trends to identify

is information, the assessment team shall determine an average annual-energy cost per kWH
e previous 12 months.

ility has established a marginal cost for energy, it may be usedin the energy cost saving
ion

Initial system data

essment team shall:

ne the functional needs and process requirements-of the system(s);

ntify high energy consumption equipment;

ntify control methodologies;

ntify high, low or negative static head)systems;

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

ntify lower mean time between failure (MTBF) pump systems, which could indicate poo

conducting the assessment, the assessment team shall ensure that the action plan meets thg
ssessment abjectives.

ion planvof assessment and the objectives shall be reviewed for relevance, cost-effectiveness
acityyto produce the desired results.

5 Conducting the assessment

5.1 Assessment levels

5.1.1

General

Depending on the needs of the host organization, one or more of the levels of assessment given in Table 1
shall be selected.

© ISO/ASME 2019 - All rights reserved
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Table 1 — Assessment level overview

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

[he availability atthe facility of some types of data (see 5.5) should also be reported during thg
hssessment even'ifiit is not collected.

vorksheétto aid in the data collection process is given in Annex E.

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

oL Level 1 Level 2 Level 3
Activities
assessment assessment assessment

Pre-screening opportunities Required Required Required
Walk through Optional Required Required
‘Ic(i:l:Sntlfy systems with potential saving opportuni- Required Required Required
Exvaluate sustems with notential saving opportu-

. 7 v ST Optional Required Requited
nities
Measu'remen_t of operating data for a typical single Optional Required Requited
operating point
Measurem_ent/data! l_ogglng of systems with varia- Not applicable Not applicable Requifed
ble operating conditions
NOTE 1 A level 1 assessment is a qualitative review with possible quantitative elements intended to detergine the
potential for significant energy savings based on further assessments and to identify specific‘systems that merit 4 greater
level of attention.
NOTE 2 A level 2 assessment is a quantitative review intended to determine energy\¢onsumption and potentia] savings
based on measurement of a single steady-state operating condition requiring a singléset of measurements.
NOTE 3 A level 3 assessment is a quantitative review that takes varying system demands into account by mdnitoring
the system over a time span long enough to capture the various operating\conditions which require their own set of
measurements.
Depending on the level of assessment, data shall be collected’in accordance with Table 2.
5.1.2 Level 1 assessments
Level 1 assessment shall include gathering of system information for pumping systems considered for
bvaluation within the scope of the assessment.
Level 1 assessment shall start with the pfe-screening.
During the pre-screening, the contfol methods for the different systems shall be noted. It $hall be
letermined which systems are best suited for a closer evaluation. It should also be noted if chgnges to

he pump system will affect ether systems, thereby introducing constraints on potential optinpization

 level 1

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

b

D

anoargyr.oact

oA a
y) AV COCIICTg y COST,

b) focus on centrifugal pumps operating at fixed speed;

c) focus on pumping systems that throttle and recirculate for flow control;

d) look for energy-waste symptoms such as large difference in supply and demand, commonly

achieved through valve throttling and by-pass flows (see 5.5.5);

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 2019 - All rights reserved
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From this information, 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 assessments

Level 2 assessments shall be performed when it is clear that the observed operating conditions are
representative for the operation of the systems and the changes in operating condition are small or
non-existent.

Level 2| assessments shall be performed using data taken from the facility information systemsg,-ix
paper dr electronic format, or by using portable measuring devices. The measurements shall cover 4
limited Jamount of time, thus giving a snapshot of the operating conditions at the time of measurerment.
5.1.4 |Level 3 assessments
Level 3|assessments shall be made on pumps systems where conditions vary substantially over time|
For such systems, the assessment team shall record the system performance data.over the time perioc
or captlire data at the extreme duty points. This activity shall be associated with-more extensive use of
in situ rponitoring to ensure that the operating conditions can be accurately(determined at the various
duty pdints (i.e. design point, normal, rated, maximum and minimum flowfates). The monitoring shal
be madp by connecting transducers to data logging equipment and recdrding the sensor output, or i
some f4cilities, where historical information is stored, the relevant ibformation should be downloadec
from thle facility information system.
Table 2 — Required and optional data for assessment levels 1, 2 and 3
. . Level 1 Level 2 Level 3
System information
assessment | assessment | assessment

Description of the facility Required Required Required
Pumping system inventory (provided prior to assesSment

start) for systems that meet pre-screening criteria

— Lisft of pumps

— Pupmp description (including pumped media)

— Pupmp type

— Pufnp application Required Required Required
— Anpual operational houys (or % operation)

— Control method-e{g: control valve, variable speed drive

(V$D), bypass
— Physical lgedtion of pump
— Ingtalledmotor data (rated nameplate power, voltage, full Optional
loald amperage, and frequency)

Operating parameters (including flow, pressure and power) Optional Required Required
Pump curve(s) Optional Required Required
Design point Optional Required Required
Cavitation at pump or in system Required Required Required
Maintenance level (low, medium, high) Required Required Required
Equipment information (service type, time in service, shared Optional Required Required
duty, voltage)

Typical flow rates and variations thereof Optional Required Required

8 © ISO/ASME 2019 - All rights reserved
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Table 2 (continued)

System information

Level 1 Level 2 Level 3
assessment assessment | assessment

Duration diagrams (diagram showing the amount of time that

is higher than Qa for 3,000 hr/yr)

the value of a parameter exceeds a certain value, i.e. the flow Optional Optional Required

Histograms (a graphical display of the distribution frequency

1N 1 B adioaa)
STCIrasSTvarv C-poOSTCIOTY)

of intervals of flow rate, head, power, or other parameters, Optional Optional Required

Costs (such as maintenance, operations, energy reliability,

capex) Optional Optional Optjonal
Process and instrument diagrams (PID)/Digital control sys- . . .

tem (DCS) screen-shots Optional Required Reqtiired
Rating of any other drive system (e.g. steam turbine drive) Optional Required Reqiired

5.2 Walk through

A walk through is required for level 2 and 3 assessments and may-be required for some p|
bystems undergoing a level 1 assessment.

[he walk through shall entail examination throughout ensuringthat the information provide
hssessment team reflects the configuration of the existing systems.

For the pumping systems undergoing level 2 and 3 assesSments, after the walk through is con
he information listed in 5.5 shall be collected using thermethodologies 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 metexs, valve positions, etc. should be noted.

During the walk through, information aboutithe 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 systemswhere significant throttling takes place);

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

[)  pumpinggsystems with large flow or pressure variations;

1) systemis with multiple pumps where the number of operated pumps is not adjusted in resy
chariging conditions;

b)-systems serving multiple end uses where a minor user sets the pressure requirements1);

umping

 to the

pleted,

cations,

hs valve

pfficient

onse to

f) cavitating equipmentl);

g) high vibration and/or noisy pumps, motors or pipingl);

h) equipment with high maintenance requirements (low MTBF)1);

i) 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);

1) Possible indication of excessive parasitic power level (see Annex G).

© ISO/ASME 2019 - All rights reserved
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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 H);

m) seized valves or leaking recirculation valves;

n) sea

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

o) lack of proper inlet screening, where appropriate.

5.3 Understanding system functional requirements

The as{
under d
operate

If accui
informd
establid

54 D

The as;s

essment team shall determine what are the normal operating conditions as well as operatior
xtreme and abnormal conditions, knowing the limits within which the system is designed tq
and how the operating conditions are distributed overtime.

ate records are not available and the facility personnel may be unable to supply the needed
tion, the assessment team shall monitor the system over some period_of‘time in order tg
h the demands on the system.

etermining system boundaries and system energy demangd

essment team shall determine the system boundaries and system energy demand of eack

pumping system undergoing a level 2 or 3 assessment.

NOTE
bounda

If the subsystems are part of a larger facility system,.the system boundary is complex and thg
y is determined prior to any measurements and calculatipns;

5.5 Ipformation needed to assess the efficiency.ef a pumping system

5.5.1

General

After the decision is taken on which pumping systems require further investigation, the following

informd
The ass|

The asg
plan as

The me

The mjd
consuni
pressui]

Cross-c

tion from 5.5.2 to 5.5.6 shall be gathered.

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

essment team shall maintain quality assurance in the design and execution of a measurement

A consistent, repeatable,and reproducible process.
hsurement plan shalladhere to principles of safety, transparency, and reliability.

basurement plan' shall include the measurements required to develop an annual energy
ption baselihe for the pumping system. This is typically done by taking instantaneous flow
e and electrical measurements and determining operating hours at varying system conditions.

hecking should be done to ensure the data are correct.

5.5.2

Electrical motor/drive information

Initial motor/drive information to be collected from the nameplate (if available) or manufacturer's data
sheets shall include:

a) line frequency;

b) motor size (rated power);

c) motor rated rotational speed ;

d) motor rated voltage;

10
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e) motor full load current (or full load amps) - the current to the motor when operating at rated power;
f) motor power rating information;

g) nominal efficiency or efficiency class (if provided);

h) motor type and characteristics;

i) type of drive (e.g. variable frequency drive, belt, gear, direct);

Y 4= loiads L - 1 | 1 A RY
J IITULUT T115tUI y LC.S. Ul 15111(;11, ITVWUUIIU, T CPIQLCUJ.
5.5.3 Pump information

5.5.3.1 Rotodynamic pumps

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

f the information from the nameplate and records differ, this should be'noted and addressed|later in
he assessment of the system. Pump information required (when available) shall include:

h)  type of pump and model;

) manufacturer name;

) serial number;

1) customer tag number;

£)  number of stages;

) type of drive;

b) nominal rotational 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 pnd net
positive suctionrequired (NPSHR),

k) maintenancerecords;
) pump cavitation or recirculation problems;

mn) sealing system data.

5.5:3:2 Positive displacement (PD) pumps

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 the system. Pump information required (when available) shall include:

a) type of pump and model;
b) manufacturer name;

c) serial number;

© ISO/ASME 2019 - All rights reserved 11


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2019.pdf

ISO/ASME 14414:2019(E)

d) customer tag number;
e) pump description/model number;
f) rated data:

— rotational speed (r/min);

— pressure;

— rtemperature;
— | power;

g) system data (operating conditions);

h) relief valve setting;

i) pumpp performance curves;

j) majntenance records;

k) pumnp cavitation, recirculation line, or other operational problems;

|

1) sealing system.

5.5.4 |Liquid properties information

Requirgd liquid information shall include:

a) nartpe of the liquid;

b) dynamic viscosity;

c) tenjperature;

d) derfsity;

e) presence of solids and their characterization;

f) vapour pressure, running pressure and temperature conditions;
g) freg gas percentage, when applicable;

h) hazards;

i) inflammability:

5.5.5 |Detailéd’'system data

Requir¢disystems data information shall include:

a) system layout,
b) unusual operating conditions;
c) PID diagrams,
d) pump control method:
— variable speed drive (VSD);
— throttled (valve percentage open if available);

— by-pass/recirculation;

12 © ISO/ASME 2019 - All rights reserved


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2019.pdf

ISO/ASME 14414:2019(E)

— on/off;
— pumps in series or in parallel, or split duty;
— not controlled (pumps just run).
For rotodynamic pumps, the following additional information shall be collected:

— static head and if possible system curve;

LANDCLIL AN

4= ades. b 1 | lalal L
IITU PUSITIVE SULLIVIT IITAU AV dIldUIT (INT'O11AJ,

— load profile. Through discussion with operating personnel, note approximate annwual," s
weekly, and daily operating hours at various flows.

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

— suction pressure;

— net positive inlet pressure available (NPIPA).

Additional information should be collected on NPSHA for rotodynaniic pumps and NPIPA for PD
when needed.

b.5.6 Measured data

b.5.6.1 Electrical data

Required electrical data shall include:
— electric power (kilowatt);

br

— actual motor voltage, current and power factor to calculate power.

5.5.6.2 Operating system data

bufficient operating data should be collected during the assessment to determine where e
expended in the systemn. This should include:

— flowrate inceach flow circuit of the system;
— pump-shaft (r/min), when appropriate;
— cohtrol valve set points and valve positions

—>~supply and destination tank levels and pressures

basonal,

pumps,

ergy is

— installed equipment in operation.

© ISO/ASME 2019 - All rights reserved
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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

curve; however, the pump operating point can still be determined.

variations as a function of time shall be established so that the appropriate measureménts car

o
(¢”]
3
QO
o
19

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

If the dperating conditions of the pumping system are constant or only yary minimally in time, 3
snapshot of the operating conditions may be enough to assess the system.

If the sjystem demand varies over time, the assessment team shall determine if the system needs td
be monlitored over time and what time period is reasonable to getsa representation of all operating
conditigns.

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 during thg
evaluatjon of the assessment.

5.6.3 |Pressure

Pressuffe measurements should be madeusing calibrated instruments with the ideal measurement
location) being approximately 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 1peasuring pump pérformance, it is recommended that head losses between the suction ang
discharge head measurement points and the pump be estimated.

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

5.6.4 |Flow

The systenrflowrateshrattbedetermimed-toestablishpumpand-systemreffictencies:
The following procedure shall be used.
a) Flow rate shall be preferably measured.

— Measurement of flow rate using properly sized and calibrated equipment in appropriate
locations is the preferred approach.

— It is always advisable to independently measure flow rate using either a different device or
location when the measurement location may be affected by flow disturbance.
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— Similarly, it is always advisable to independently check both flow rate measurements and

estimates using independent methodologies. See 5.7.

b) When flow rate cannot be measured for whatever reason (including physical space, pipe geometry
or scaling, or problems caused by the handled fluid), it can be estimated using pump performance

curves, pressure drops across known loss components.

5.6.5 Input power

he motor input power shall be calculated. If a power drive system is used, the input pewer
measured before the variable frequency drive.

lectrical measurements shall be performed only by a qualified person.

.7 Cross validation

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

— pump head combined with pump head curve to estimate flow rate;
then use the shaft power and pump shaft power cutve'to estimate flow rate;
differential pressure;

flow rate.

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

NOTE It is beyond the s¢ope of this document to detail the various cross-validation techniques, but
Fital 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 the fina

During this'meeting, outstanding questions and issues from the assessment team should be adg
[he tentative results of the assessment shall be formally presented and should include but
imited to the following:

ALL - | 4l H b 1 111l ph A 4l - e loa ol 1 ld 3

VIICTIICTVCI PUDDIUIC, LIIT llll}uL lJU VW1 SIIUUIU UT ITITASUITU UIrco Lly ualus d PU VWCT I1ITLCT, VWILIUIT 511U glve
he most accurate results. When it is not possible to measure power directly, an acceptable;altgrnative
bhall be to measure voltage and current delivered to the motor. Then, using the estimated powey factor,

thall be

Df other

— electric power combined with motor performance curve{or estimates) to estimate shaft poyer, and

— measured valve position and flow rate combined with the valve characteristic curve to estimate

— measured drawdown and fill times, alofg with well or sump dimensional data to estimate pump

savings
further

they are

step in

ronducting(the assessment. This wrap-up meeting should be attended by the entire assessment team.

ressed.
not be

— Teview of the asSeSSMENt Process USed;

— efficiency of the system(s) and components assessed;

— tentative recommended improvements, with preliminary energy and cost savings, if available;

— discussion of any further analysis recommended;

— any general comments and observations.

The results presented shall be qualified as preliminary, subject to further analysis and refinement.

Target dates for the delivery of a draft and final versions of the written report shall be set by
agreement.

© ISO/ASME 2019 - All rights reserved
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For more information, see Annex B.

6 Reporting and documentation

6.1 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 Annex A.

6.2

The regort or other documentation delivered with the report shall include sufficient raw datafrom thg
assessment so that the analyses performed in 5.6 can be confirmed by a third party. This dogumentatior

shall be
develop

6.3 Review of final report by assessment team members

Before {
report

request
preparg

ata for third party review

e structured so it can be easily accessed by verifiers and other persons not,involved in it;
ment.

he assessment report is finalized, members of the assessment teamrshall review the assessment
for accuracy and completeness and provide comments. Upon review of the draft report and
s for modifications, the assessment team shall provide a,consensus acceptance, and ther
and issue the report in final form.

16
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Annex A
(normative)

Report contents

A.1 Executive summary

[his section shall condense and summarize the report in brief.

['he executive summary shall provide an 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;

p)  performance opportunities identified with associated enérgy and cost savings;
[) estimated energy and cost savings;

b)  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 objectives.and scope

dentify the boundaries of the specific system(s) on which the assessment was performed and
boundaries were selected. This report section shall include a description of the general appro
methodology used o ¢onduct the assessment.

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

[he report shall include a detailed description of the specific system(s) on which the assessm
berformeéd. Depending on the system assessed, the discussion of system operation can be exten;
should be supported by graphs, tables and system schematics. Supporting documentation sho

ction.

[his report section shall eontain a brief statement of the assessment's objectives. The repqrt shall

why the
hch and

Ssues

bnt was
ive and
hld also

belincluded to clarify the operation of the system components and their interrelationships

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.

© ISO/ASME 2019 - All rights reserved
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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;

— determination of flow distribution (for level 3 only);
— puipp performance information, when available;

— mepsurement or estimation of system losses.

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

A.6 Data analysis

The report shall include the outcome of the measurements,anid 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 from data analysis from completed actior
items shall be documented.

A.7 Annual energy consumption baseline

If suffigient data exist, the assessment<report shall contain the baseline of total annual energy
consunjption for the pumping system.\The analytical method used to develop the annual energy
consuniption baseline (see 5.5.1) shall be described. Facility functional and production process
observgtions and information shathbe reported.

The report shall clearly describethe assessment baseline as a basis for both routine and non-routing
adjustnpents. Adjustments arecalculated from identifiable physical facts with respect to changes in thg
physicgﬁ facility and production process. The report shall provide sufficient information on the facility
functional baseline duking the assessment to provide a basis for adjustments.

NOTE 1| Routinesadjustments are those energy-governing factors that are expected to change, such a
productjon voluime variations. Baseline relationships of production dependent and time dependent systenj
energy donsumption are clearly stated.

NOTE 2| \Non-routine adjustments are related to factors that are not usually expected to change during the
short-term. Factors such as facility size, the design, type and number of production [ines involving pumping
systems are examples 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.
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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.

Details on performance improvement opportunities to be documented and reported shall include
a sufficiently detailed description of the actions required for project implementation. 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

— Pnprgv and cost cnvingq'

— 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;

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

For all assessment levels, the analysis for energy constunption baseline development and proposed
recommendations should be performed in sufficient detail to allow facility staff to understand gll parts
pf the analysis. If software is used, the data entered-into the software shall be clearly defined. The
bupporting analysis data may include spreadsheets, diagrams, software output screen captufes, and
falculations. The steps, assumptions and calculations of the analysis should be presented in 4 logical
letailed format that can be understood by othér engineering professionals for third party verification
frequired.

[his part of the assessment may alsoxaddress other energy and non-energy benefits such as improving
resource utilization, reducing periunit production cost, reducing life cycle costs, and improving
bnvironmental performance. These benefits can be mutually agreed upon with facility manageinent.

NOTE The amount of detailiincluded in the energy efficiency recommendations vary considerably|for each
issessment level.

Recommendations are-typically classified as operation and maintenance recommendations (OMs) or as
bnergy 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
bhould include the interactive savings effect of the previously recommended measure. Consideration
bhall alsq be-given to projects that may be easily implemented versus improvements that may not be
pasily plrsued until facility production lines are out of service.

'heé-presentation of each measure should be limited to a brief description of the proposed imprdvement
ind a summary 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 system related 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

© ISO/ASME 2019 - All rights reserved 19


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2019.pdf

ISO/ASME 14414:2019(E)

addressed. Methods for optimizing and maintaining system performance following implementation of
adopted measures should be identified.

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 assessment report should note that further engineering analysis be performed prior to
implementing the recommendations contained in the assessment report.

A.10A|ppendices

Information that is lengthy and not required for the presentation of the report should bepncludec
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 referenced 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.

[he pump should preferably 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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low bearing and seal life
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Figure'B.2 — Example of pump reliability curve

Manufacturers normally-indicate a preferable operating region around BEP and sometimes |also an
hllowable operating region. How these regions are defined differ between manufacturers. Carg should
pe exercised to operate“as close to BEP as possible. A deviation of =20 % or +10 % from the flow at BEP
fould mean that,the mean time between failures (MTBF) is cut in half. For pumps with variahle flow,
he selection ofithe best efficiency point in relation to the operating range needs careful considgration.

B.2 System management to ensure economic operation

B.2.17 General

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 the manufacturer’s 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 it is
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
boundalries, 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 frictioy
losses and the resulting energy consumption. For example,-10 % diameter increase leads to a decreasg
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.

It 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

019(E)

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;

) donotemployan air gap between pipe discharge and receiving tank when isolation is not ne
) adjust flow rate to meet process demands without exceeding them;

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

required by the main system.

B.3.3 Reduction of system flowrate

considering exchanger design efficiency;
minimum flow valves;

create an unacceptable change)to the production schedule;

1) turn off pumps when flow:is not needed.
B.3.4 Ensuring that components operate close to best efficiency
'he operating efficiencies of the various components that comprise the pumping system c

pperate where’their efficiency curve is flat. Rotodynamic pumps should preferably be operated
BEP (see Figure B.2). Operation away from BEP quickly reduces pump efficiency and reliability.

n efficiency.

£)  reduce/remove sediment and scale build-up in pipelines, heat exchangers, and process.comgonents;

essary;

) separate secondary systems that demand very low flow rates with a head much higher than

Fxamples of opportunities to reduce the system flow rate are shown below. This listl is not
fomprehensive. Rather, it shows some of the most common opportunities identified by experierice:
) maintain the optimum differential temperatures in heat exchanger applications, pré¢ferably

b) isolate unnecessary flow paths, unnecessary pump recirculation and leaking valves, checl4 valves,

) reduce the flowrate in the batch processes that are basically fill and drain, as long as it does not

AN vary

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

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 IS operated away

rom the

best efficiency point. There are many possible reasons but most of them are related to changes from projected
specification or change in system requirements; all of them 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 a

re 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);
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— 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:

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

— syskems that run when the process is not operating. Often a recirculation loop is employed rathe

th

— sys
pra

A good

In mos

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

filling
the wet
hand lo

In instd
hence c

In man
multipl

in applications involving cooling towers and-¢hillers. The operators are not switching pumps off wher

they co
by mea
differen
be turn

B.4 E

rotodynamic pumps

B.4.1

B.4.1.1

turning a pump off when flow is not needed;

tems with multiple parallel pumps that are running more pumps than negessary to fulfil thg
cess demands.

practice to enhance pumping efficiency is to monitor specific energy-consumption (see Annex F)

[ instances, pumping capacity is larger than needed. This is €specially true in applications

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 ah 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 anc
bst savings can be achieved. (This does not always mean that energy savings are achieved.)

y applications pumps may run longer than necessary. Examples of such applications arg
e pumps running in parallel and produéing more flow than necessary. This is not uncommor

11d be turned off, but let them run‘éven if they are not needed. This situation can be recognized
suring the temperature difference’ over the cooling tower/ heat exchanger. If the temperatursg
ce is lower than optimal, the flow rate is too high. In such a situation, one or more pumps coulc
bd off or the capacity might be lowered by changing 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.

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

26
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_ _Qfp
U367 000

QHp
331232

(STunits) or P, = (US units) (B.1)

where

P, isthe hydraulic power supplied by the pump expressed in kilowatts (kW);

Q  isthe flow rate expressed in cubic metres per hour (m3/h) or gallon per minute (gpm);

is the total head, at flow rate @, expressed in metres or feet);

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

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

p =t (B.2)
MpMvp

where

np isthe pump efficiency;

ny  is the motor efficiency;

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

[0 optimize pump systems, the following operation§‘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 somet{mes be
hchieved through equiprent replacement.

B.4.2 Example

[he followingrexample demonstrates the calculations to determine:
— initial' power consumption;

— pewer 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 Ib/ft3);
— plantelectric 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);
— P.: 78 kW;
— motor efficiency: 94 %;

— 6132 h (70 %) annual operation.

%
| X
1 (®)
Key
1 tankA
2 tankB
P  pregsure control
L  levdl 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 ofjpump 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 using Formula (B.3):

AOC:82,9kW><6132£><0,10ki:50830§ (B.3)

y Wh y

b) to-determine present system demand

The 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 I bar,
— | impeller trimming from 327 mm to 301 mm reduces the head to 41,3 m at 340 m3/h with ar
efficiency of 65 %.
The¢ resulting power consumption Pe, calculated using Formula (B.2), is 63,5 kW, 'Fhe annua
opdrating cost is $38 930.
d) to fletermine annual power consumption and annual operating cost of thessystem considering
comhponent replacement
Installing variable speed drive to existing pump results in:
— 11,580 r/min for 340 m3/h;
— | head: 379 m;
— | pump efficiency of 66 %.
Th¢ resulting power consumption, Pe, calculated usingtormula (B.2) is 59,5 kW.
Th¢ annual operating cost is $36 490.
Purchase new pump for current demand:
— | flowrate: 340 m3/h;
— | head: 41,9 m;
— | pump efficiency of 84 %;
— | motor efficiency of 94 %-
The¢ resulting power-eohsumption, Pe, calculated using Formula (B.2) is 49,1 kW. The annua
opgrating cost is $30.¢10.
Table B|1 gives theSummary of the calculated energy reduction.
Table B.1 — Summary of the results
Cpnditiona Flow | Head | Pump efficiency Power consumption Operating cost
m3/h m % W 5
As found 450 46,5 73 82,9 50830
Eliminate by-pass 340 48,7 62 77,3 47 400
Trim impeller 340 41,3 65 63,5 38940
Add variable frequen- 340 379 66 59,5 36 490
cy driveb
New pump 340 419 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.

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
of the fluid in the seal chamber (also known as frictional losses), and the energy consumption of the

coql cunnart cuctam which ic imnlomaontod in ardor to maintain an accontahlo onviranmaont in he Seal
Sr-SHPPeF=SySteii-waHei s Hipre e e aH-oraer—+o-aheaiah <t Pabs HH-eHHReRH

chamber. In certain applications the energy consumption level of the support system can be équal to or
bven greater than that of the pump drive.

Table B.2 provides an example of qualitative assessment of the energy impact of different 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 L. Efficiency losses Comments
Description -
arrangement | plan Thermala | Electricalb | Waterc
01 Internal recirculation from
. 0 2 0
discharge to seal
02 Deadaend norecirculation Thaermal anarays
2 Deadend s recireulation Fhermaleneras
losses may occur
and water may be
0 1 0 consumed if theseal
chamber is designed
with cooling or heat-
ing jacket.
11 External recirculation from
X 0 2 0
discharge to seal
13 External recirculation from
; 0 2 0
seal to suction
14 External recirculation from
X . 0 2 0
discharge to seal to suction
21 External recirculation May consume a high
from discharge through a amount of thermal
cooler to seal 3 2 1 energy when cooling
the process medium
is required.
_Slngle mechan- |23 Internal recirculation The most effective
ical seals and from seal to cooler and when cooline of the
the inbgard seal back to seal 2 1 1 sott!
process medium is
of dual yinpres- :
: required.
surized|seals
31 External recirculation from
discharge through eyclone 0 2 0
separator to the seal
32 Flush fluid is injected to the May consume the
seal from external source highest amount of
thermal energy to
replace the process
fluid heat lost by
3 1 3 e
injecting the cooler
external fluid. If
plan 32 used in cold
application, the then
no thermal impact.
a  Thefmal-losses refer to cooling of the flush or barrier fluid, lost and recovery process heat and energy required to|
separatq diluents.

water usage.

b Electricallosses 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

0 no impact on efficiency
1 minor impact on efficiency

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 | Electricalb | Waterc

41 Recirculation from dis- May consume a high
charge through cyclone amount of thermal
separator and cooler to 3 2 1 energy when cooling
the seal the process medium

is required.

62 External atmospheric It seam 1s usef as
quench a quench fluig, the

1 1 1 thermalloss may
be significant)if not
controlled.

53 Pressurized external barri-
er fluid reservoir supplies 1 1 1 May consumeja low
clean fluid to the seal thermal energy when

- - the temperatyre of
54 External barr_ler fluid . the process medium
system supplies clean fluid is higher thar{the
Dual pressur- to the seal at pressure 2 2 2 temperature f the
. zed mechani- higher than seal chamber barrier fluid.
pressure
cal seals

74 Externally supplied barrier Electrical engqrgy
gas to seal at pressure consumed in the
higher than seal chamber 0 0 0 processing of|the
pressure nitrogen bariier

gas is considgred
negligible.

52 Unpressurized external May consume{a low
buffer fluid reservoir sup thermal energy when
plies clean fluid to the-seal the temperatyre of

1 1 1 the process medium
is higher than|the
Dual unpres- temperature ¢f the
Surized me- barrier fluid.
chanical seals |72/ |Externdlly supplied gas Electrical endrgy

75/ |bufferfor arrangement 2 consumed in the

76 séals Buffer gas pressure processing of{the
: 0 0 0 . .
is lower than the process nitrogen barijier
Side pressure of the seal gas is considgred

negligible.

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

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

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

0 no impact on efficiency

1 minor impact on efficiency

2 moderate impact on efficiency

3 major impact on efficiency
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For some pump system applications, the selection of the seal support system is a major contributor to
the overall pump system energy consumption.

EXAMPLE Water-based abrasive slurry. This application involves a single stage end-suction, overhung,
foot mounted slurry pump (OH1) which is pumping a water based black liquor slurry in a paper mill at 75 °C
(170 °F). The pump shaft speed is 3 600 r/min, the pump shaft diameter is 50 mm (2.00 in.), the seal chamber
gauge pressure is 345 kPa (50 psig), and the pump driver would consume 37 kW (50 hp). One common method of
sealing the shaft is either packing with a lantern ring, or a single mechanical seal using Plan 32, both with a 1,9
Ipm (0,5 gpm) clean water 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 wadintroduced through the fTush. An alternative sealing system for this slurry application would be the usj
of a dual pressurized seal with an API piping plan 54 to circulate a clean barrier fluid through the cavity betwee

the inboard and outboard seals. This seal and system approach reduces the sealing system energy consumptior
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 pressurizec
seal werle not practical, a reduction in flush flow rate through the use of a close clearance bushing ora different
placement of the lantern ring for the packing arrangement can easily cut the required flow rate down to 0,4 lpn}
(0,1 gpny) with a reduction of energy consumption of 67 KW (90 hp).

B.5 planation of basic energy reduction opportunity calculations for positive
displacement pumps
B.5.1 |General

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

Closely[matching the positive displacement pump perférmance, the process requirement approache;s
the optjmal energy consumption.

When eyvaluating systems, the following is valid for PD pumps:
— PDJpumps at constant speed are constant-flow devices;

— floyv varies with viscosity and pressure changes due to “slip” which is fluid internally returned fron
high pressure to low pressure region of the pump (suction). Slip flow is minor and can be ignored i
system energy evaluations;

— floyv variation with pressure change is much less than for rotodynamic pumps;
— rulgs for positive displacement pumps are:

— | flow rate varies directly with speed,

— | powerrequirement varies directly with speed,

— | pressure differential is determined by the system hydraulics,

— bothflowand powerincrease withra viscosity increase;

— PD pumps generate pressure to meet system requirements, dead heading and discharge throttling
should not be practiced. Safety requires a pressure relief device in downstream of the pump but this
should not be an energy issue unless the unit is improperly sized and is recirculating through the
relief valve.

— PD pumps are not head producing devices and are rated and calculated directly based on pressure
differential and not head.

34 © ISO/ASME 2019 - All rights reserved


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2019.pdf

ISO/ASME 14414:2019(E)

Head to pressure relation is calculated using Formula (B.4):

P=Hpgx10 5(SI) orP=% (US) (B.4)

)

where

P isthe pressure expressed in bar (bar) or pound per square inch (psi);

H—tsthetreadexpressedimmretres{rmjor feet(ft);
p isthe density expressed in kilogram per cubic metre (kg/m3) or pound per cubic foot (|b/ft3);
g isequalto 9,81 m/s2or 32,2 ft/s2.

he hydraulic power imparted to the liquid by the pump is calculated using Formufa (B.5):

_QAp _QAp
Py =5~ (SN or P =" (US) (B.5)

Wwhere

Py is the hydraulic power supplied by the pump expressed(n kilowatts (kW) or horsepower (hp);
Ap s the difference of pressure expressed in bar (bar) ot pound per square inch (psi);

Q isthe flow expressed in cubic metres per hour (m3/h) or gallon per minute (gpm).

[he electrical power required to support thé pumping system operation is calculated using

Formula (B.6):

P :—P;JF:I (B.6)
MYD

where
Pe is the electrical powertinput expressed in kilowatts (kW) or horsepower (hp);

Py is the internal pewer losses which are mechanical and viscous, expressed in kilowatts {(kw) or
horsepower-(hp);

nMm is the moter efficiency when supplying the power required by the pump at flow rate Q;

np isthedrive (belt, adjustable speed, gear, etc.) efficiency.

Pump ifiternal power losses are those from mechanical friction, internal recirculation and the [viscous
ossesufrom the drag effect on parts in the liquid flow path. An estimation of these values|can be
bbtained 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 are met with:

— minimum demand flow rate,
— minimum demand differential pressure,
— minimum run time,

— maximum component efficiencies.

© ISO/ASME 2019 - All rights reserved 35


https://asmenormdoc.com/api2/?name=ISO ASME 14414 2019.pdf

ISO/ASME 14414:2019(E)

The optimal hydraulic power added to the system is the value calculated with the above conditions
inserted into Formula (B.5) and the optimal electrical power is calculated [Formula (B.6)] using the
optimal hydraulic power and the best available pump, motor and drive efficiencies.

As prescribed in this document, 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
A syste
All flow
Tank B

B.5.2.2
A recirg
Energy

No disd
variablg

B.5.2.3
— the
— the)
— me

— opf

putphped through the by-pass line directly back to tank A;

— me

— opt
bei

— me
The sy

NOTE
viscous,

Existing conditions (see Table B.3).
m transfers liquid from tank A to tank B (see Figure B.5).
goes to tank B.

s always full and excess flow returns to tank A.

Improved conditions (see Table B.3).
ulation line is installed to maintain the constant flowrate and to supply demand flow.
is saved since less liquid is forced through the feed line to tank B, thus lowering friction losses

harge throttling can be used. The pump is directly driven<sy a motor (without gear, belt, o1
e speed drive).

Main features of operating conditions are:
system liquid has a specific gravity of 0,85 and the facility average electric cost rate 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 (2 000: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 pressurei4 bar (60psi);

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

hsured electricqpower: 73,4 kW.
tem operates)at the above conditions 70 % of the time.

This\éxample, while similar to the rotodynamic example, uses a liquid that is considerably morg
so vesults cannot be compared and are useful only to illustrate the concepts presented.
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Figure B.5 — Simplified flow diagram for Table B.3

Table B.3 gives the results of first analysis.

Table B.3 — Actual existing (oversized) vs. proposed improved system flow result$

Flowrate Outlet Pump Motor Electrical | Annual | Annual
Condition pressure |power input} efficiency power energy | dnergy
input cost
m3/h (gpm) | bar (psi) kW % kW MWh §1,000
Existing system | 450 (2 000) 4,0 (58) 73,4 94 78 4789 239
Improved 450 (2 000)
system whereof
340 m3/h to 2,7 (40) 55,7 94 59 363,3 18,2
tank B
Potential savings - 1,3 (19) - - - - 5,7
Ratio of optimal power/measured power 0,76 - -
NOTE Pump operating at sanie speed and flow but delivered flow to tank B is reduced to 340 m3/h (1 500 gpm), due
to the by-passing. The pressure is reduced from 4 bar (58 psi) to 2,7 bar (40 psi) due to the lower pressure dr¢p in the
recirculation valve controlled loop.
B.5.2.4 Optimized conditions (see Table B.4).
Add varjable frequency drive to control flow to meet demand.
Close'by-pass line.
ransitioning to a VSD allows the tank B level controller to set the cpppd of the tank A pump to match

the process demand and to save the energy consumed by the recirculation control loop as well as
minimising the system losses between the tanks (see Figure B.6).
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Key
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H

VSD vgriable frequency drive

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

Table BJ4 gives the results of second analysis.

Table B.4 — Optimal system flow results vs. flow matched to System without recirculation contro

Pum Variable Annual
. Operating p Motor. 0| frequency | Electric | Annual
Condjtion Flowrate power . . energy
speed . efficiency drive power | energy
input . . cost
efficiency
m3/h (gpm) | r/min kW % kW MWh $1 000

Improved 450 (2 000)
system whereof .
2.7 bar 340 (1 500) 1200 55,7 94 59 363,3 18,2
(40 psi) to tank B
Optimiged
system
reduceq
speed/flow/ 340 (1 500) 925 39,4 92 96 44,6 273,5 13,7
pressuife: 2,7
bar (40|psi)
Potential Savings
savings| ) . 16,3 . . . 115.6 relative
existing vs 22 % ’ existing:
improved 5,7
Potential 34 Savings
savings . . AE. 0% - . . 505 4 relative
optimalvs 7 existing:
existing 10,2

Beyond these special considerations, the methods used in B.4 can be considered.

38
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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:

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

System performance characteristics:

Assessors should be familiar with how the“physical properties of the process liqui

or(s) in

facility
mber of
be able

mption

 affect

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

C.2<~"Pumps

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 tht
type of pump and selection for the system in question.

— | Assessors should understand the performance characteristics of parallel and serjés 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 system boundaries) a review
of the pumping systems prior to the physical measurement to egtablish the priority and the
measurement requirements.

— | Assessors should be capable of undertaking accurate dund repeatable direct or indirect
measurements of the pump parameters, driver (electricor.otherwise) 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 theil
effects pn rotodynamic pumps. Assessors should-have an understanding of:

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

—

— trapsmissions such as gear;box, 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.and their impact on the speed at which the pump is driven is essential.

C.4 Analysis and reporting

This subclause 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 inanalysing the gathered field data and be capable ofunderstanding
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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specifig

The me
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softwai

a) Thg
alg

itware should have generic pump and motor algorithms within its database to compalre thq

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.

tthodology employed regardless of means (hand calculations, spread”sheet, or computel
e) should factor the following:

analysis software should be transparent in identifying the source.of’data within the embedded
brithms:

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 anc
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 load amperes, power factor, NEMA/ISO nominal efficiency or efficiency class|
guaranteed-efficiency.

— VSD: prahufacturer, 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 (revolution per
minute), 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
system 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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Annex E
(informative)

Example of pre-screening worksheet

Table E

[T gives atypical exampie of typicat pre-screening worksneet.
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