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FOREWORD

This guidance document provides technical background and application details in support of the understanding
and application of ASME EA-4, Energy Assessment for Compressed Air Systems. This guidance document provides

background and supporting information to assist in carrying out the standard. The guidance document covers

such

topics as rationale for the technical requirements of the assessment standard; technical guidance, application notes,
alternative approaches, tips, techniques, and rules-of-thumb; and example results from fulfilling the requirements of

the assesgment standard. This guidance document was developed to be used as an application guide on how te.u
ASME EA-4.

ASME [EA-4 provides a standardized framework for conducting an assessment of compressed air systems. A
pressed dir system is defined as a group of subsystems composed of integrated sets of componentsrused to dg
compresged air energy to manufacturing equipment and processes. Assessments performed using thé requiremen
by ASMH EA-4 involve collecting and analyzing system design, operation, energy use, and performance data and
tifying erjergy performance improvement opportunities for system optimization. These assessiwerits may also in
additiongl information, such as recommendations for improving resource utilization, reducirig/per unit production
and imprpving environmental performance of the assessed system(s).

ASME [EA-4 provides a common definition for what constitutes an assessment for bath-users and providers of as
ment seryices. The objective is to provide clarity for these types of services that have been variously described as e
assessmepts, energy audits, energy surveys, and energy studies. In all cases,systems (energy-using logical g
of industyial equipment organized to perform a specific function) are analyzed through various techniques su
measurerpent, resulting in the identification, documentation, and prioritizatioh of energy performance improve|
opporturlities.

This Ghide is part of a portfolio of documents and other efforts designed to improve the energy efficiency of ix
trial faciljties. Initially, assessment standards and guidance documerits are being developed for compressed air, pr
heating, pumping, and steam systems. Other related existing and planned efforts to improve the efficiency of indul
facilities jnclude

(1) ASME assessment standards, which set the requirements for conducting and reporting the results of a
pressed {ir, process heating, pumping, and steam assessments.

(b) a cprtification program for each ASME assessment standard that recognizes certified practitioners as indij
als who Have demonstrated, via a professional qualifying exam, that they have the necessary knowledge and ski
apply thg assessment standard properly.

(c) anlenergy management standard, AManagement System for Energy, ANSI/MSE 2000:2008, which is a s
ardized gpproach to managing energy supply, demand, reliability, purchase, storage, use, and disposal and is us
control apd reduce an organization’s energy costs and energy-related environmental impact.

NOTE: ANSI/MSE 2000:2008 will-eventually be superseded by ISO 50001, now under development.

(d) an]ANSI measurementand verification protocol that includes methodologies for verifying the results of e]
efficiencyf projects.

(e) aprogram, Superiér Energy Performance, that will offer an ANSI-accredited certification for energy effic
through application of- ANSI/MSE 2000:2008 and documentation of a specified improvement in energy perforni
using thg ANSI measurement and verification protocol. Superior Energy Performance is now using the ISO
Internatipnal Standard 50001 for plants. ISO 50001 is not yet final. The Measurement and Verification Proto
anticipate¢d.toPe a normative reference to ANSI/MSE 50021 and ANSI/MSE 50028.
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The complementary documents described above, when used together, will assist organizations seeking to establish

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

Publication of this Technical Report that has been registered with ANSI on July 27, 2010 has been approved by ASME.
This document is registered as a Technical Report according to the Procedures for the Registration of Technical Reports
with ANSI. This document is not an American National Standard and the material contained herein is not normative
in nature. Comments on the content of this document should be sent to the Managing Director, Technical, Codes and

Standards, ASME.
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General. ASME documents are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this technical report may interact with the Committee by proposing revisions and attend-

ing Committee meetings. Correspondence should be addressed to:

Secretary, EA Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposjng Revisions. Revisions are made periodically to the technical report to incorporate changes that appeaf nec-
essary or|desirable, as demonstrated by the experience gained from the application of the te¢hnical report. Approved

revisions|will be published periodically.
The Cgmmittee welcomes proposals for revisions to this technical report. Such proposals should be as speci

fic as

possible, [citing the paragraph number(s), the proposed wording, and a detailed description of the reasons fqr the

proposal} including any pertinent documentation.
Attending Committee Meetings. The EA Committee holds meetings or teléphone conferences, which are op

bn to

the publik. Persons wishing to attend any meeting or telephone conferefice should contact the Secretary of the EA

Standards Committee.
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GUIDANCE FOR ASME EA-4, ENERGY ASSESSMENT FOR
COMPRESSED AIR SYSTEMS

1 SCOPE AND INTRODUCTION

1.1 | Scope and Purpose

1.1.1 Scope. This guidance document was devel-
oped to be used as an application guide on how to uti-
lize ASME EA-4, Energy Assessment for Compressed
Air $ystems. This guidance document provides back-
grouhd and supporting information to assist in carrying
out the standard.

1.1.2 Purpose. ASME EA-4 does not provide guid-
ance| on how to perform a compressed air systems
energy assessment, but sets the requirements that need
to b¢ performed during the assessment. ASME EA-4&
was pvritten in a form suitable for a standard, with con-
cise fext and without examples or explanations.-This
docuyment was developed to be used in conjunetion with
the sfandard to give basic guidance on how o fulfill the
requjrements of the standard. This docuntént is only a
guidp, it does not set any new requizements, and ASME
EA-4 can be used with or without this'document.

1.2 | Limitations

Thiis guidance document,does not set any new require-
men{s for application«of ASME EA-4.

1.3 | Introduction— Using the System Assessment
Standatd

AYME EA*4 (the standard) is organized in the follow-
ing spations:
({Il Section——Scope—ard—ntrodiction—Ihis—sectHon

Appendix A of this document. Section 2 of this docu-
ment presents key elements and(characteristics|of indus-
trial compressed air systems.

(c) Section 3: Referencés. This section lists dpcuments
that are referenced in(the standard. No guidanice is pro-
vided for this section~of the standard. Section| 3 of this
document provides background and rationale for the
criteria that define an effective compressed ajr system
assessment.

(d) Section 4: Organizing the Assessment. This section
outlinégrequirements on how to organize an agsessment
including identification of team members andl respon-
sibilities; requirements for preliminary data gollection
and analysis; and requirements on the development of
assessment goals and a plan of action. Guidanie is pro-
vided in section 4 of this document.

(e) Section 5: Conducting the Assessment. Thjs section
describes that requirements for conducting an assess-
ment (the implementation phase of the plan gf action).
Guidance is provided in section 5 of this docurnent.

(f) Section 6: Analysis of Data From the Assesstjient. This
section presents requirements for analyzing thq data col-
lected during an assessment, including the devglopment
of a baseline profile. Guidance is provided in sqction 6 of
this document.

(g) Section 7: Reporting and Documentation. [This sec-
tion provides requirements for information presented in
the assessment report. Guidance is provided in|section 7
of this document.

Guidance on section 1 of ASME EA-4 is provided
below. Sections 2 and 3 of this guidance document

provide an introduction to industrial compressed air
qu{-amc and hnrl{ornnnr] /rationale for tha criteria

LLLLLLLLL oOtOTt— ittt Ot E O Tt CHOT

includes the scope for the standard, limitations of the
standard, and an introduction on how to use the stand-
ard that includes information on the systems approach
and the system engineering process. Guidance is pro-
vided in section 1 of this document.

(b) Section 2: Definitions. This section provides defi-
nitions of terms used in the standard. No guidance is
provided for this section, although a glossary with defini-
tions for additional terms is included as Nonmandatory

that define an effectlve compressed air system assess-
ment. Sections 4 through 7 of this guidance document
parallel the sections in the standard at each subhead-
ing level.

1.3.1 The System Assessment Process. ASME EA-4
presents requirements for compliance when conducting
a compressed air system assessment to reduce energy
use and improve performance. It also describes a frame-
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work for a more extensive system assessment to address
performance issues and related energy opportunities.

Compressed air is used in many different industries
for many different purposes. No two compressed air
systems are the same; therefore, no two compressed air
system assessments will be the same. The framework
of the standard includes some elements of assessment
work that are required for adherence to the standard.
Other assessment activities are described as supplemen-
tal elements of the system assessment

SOW. This information can be added as an appendix to
the assessment report.

A compressed air system assessment must consider
diverse needs and priorities. For many stakeholders
energy efficiency is a secondary priority. Their highest
priority is a reliable compressed air system that supports
manufacturing equipment and processes; however,
energy use and system performance are interrelated.
Thus, the key to energy efficiency is frequently related

to impraving system performance
I o I

Requirpd elements of an assessment apply to virtually
all compfessed air systems and have direct impact on
system efergy use.
ental elements of an assessment may or may
to an individual compressed air system or

t team are responsible to plan the assessment
a statement of work (SOW) that addresses the
technicalland business objectives of the assessment.

The stgndard recognizes that an energy assessment
must be jeconomically justified. The framework of the
standard|is designed to provide flexibility so that the
extent of pssessment objectives and the rigor of the meth-
odology aipplied are appropriate to the system complex-
ity. This yill be different for a small- to mid-size facility
with a refatively low amount of compressor horsepower
from a lafge facility.

For all systems, it is necessary to assess the entire sys-
tem inclyding supply, transmission, and demand.

The stqndard states, “An assessment complying\with
this Stanglard need not address each individuaksystem
compongnt or subsystem within an industridl facil-
ity with equal weight; however, it must be sufficiently
comprehensive to identify the major energy efficiency
opporturlities for improving the overallehergy perform-
ance of the system.”

points to consider.

The outcome of the goal-checking activity may deter-
mine that the goals can be achieved or may result in
modification of the assessment SOW. For users who elect
full conformance to the standard, the team’s application
of the assessment standard may be subject to third-party
review by a certified practitioner. To assist with review
of the assessment, the assessment team can consider
documenting decisions made when determining the

Compressed air system performance is not alivafys as
it seems. Highly visible symptoms often mask ‘the true
underlying root cause of inefficiency and poor perform-
ance. Operational solutions often involve in¢reased erpergy
use, whereas root cause analysis will oftert identify a nore
energy efficient solution. As a consequence, an effdctive
compressed air system assessment\i$ a discovery prpcess
of investigating system operation’ to baseline energy use,
identifying opportunities o, improve performance} and
reducing energy input tothe compressed air system|

1.3.2 System &£nergy Efficiency. Individual fom-
ponents of a conmipressed air system such as compres-
sors, air dryers, and filters can be more or less effigient.
How individual air system components are integfated
together and how they respond to the collective com-
pressed’air demand of the many end use applications
found in most systems have the greatest impact on sys-
tem efficiency. System efficiency is most affected bfy the
interaction of compressed air supply and demand.

1.3.2.1 Compressed Air Energy Conversion.| For
most industrial plants, compressed air is a self gener-
ated secondary energy resource converted from alpur-
chased primary energy resource, typically electficity.
The electric motor efficiency when combined with [ther-
modynamics of the compression process results inf 85%
of the primary energy resource being converted to |heat.
That heat is most often rejected as waste heat; howlever,
recovery of heat may be possible in some applicaltions
and should be examined.

1.3.2.2 Energy Reduction Opportunities. Imppove-

mentsincompressed air supply efficiency are constrgined

by the inefficiency of converting electrical energy input

to compressed air energy; 85% of input energy is|con-

a ing i | has

the potential to shut down running compressor capacity,
eliminating the energy input in its entirety.

In situations where compressors cannot be shut down,
reducing the amount of compressed air produced will
often decrease compressed air supply efficiency. The
change in supply efficiency is dependent on compressor
control strategy. In this situation, the savings associated
with reduced air use will be proportionate to the per-
formance of available controls.
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1.3.3 Systems Approach. The systems engineering
process must begin by discovering the real problem that
needs to be solved; the biggest failure that can be made
in systems engineering is finding an elegant solution to
the wrong problem. [1]

1.3.4 Systems Engineering Process. Paragraph1.3.4
of ASME EA-4-2010 discusses the systems engineering
process. As part of this process, the assessment team

the assessment. The team should check the plan
if it is reasonable and cost effective and if it can
ce the desired results. The team should conduct
the assessment, analyze data collected, baseline current
operfition, and identify opportunities for improvement.
The gssessment should provide remedial measures with
concgptual designs and energy reduction estimates. The
assegsment should report and document how the assess-
men{ was conducted, and give findings, recommenda-
tiong, and expected results. The systems engineering
process should also include the following:

(a)] What requirements does the compressed air sys-
tem have to meet?

(b)) What is the present compressed air system and
currgnt method of operation?

(c)] What is the statement of system assessment goals
basedl on requirements and the existing system?

(d) For planning the system assessment, what activi-
ties ghould be done, and how will they be done?

(e)] For testing the system assessment, is it relevant
and ¢ost effective, and will it produce results?

(f)| For conducting the system assessment, how is the
plan(detailed and executed, and howsis'data gathered?

(g) How is the data analyzed'\to' create a baseline,
idenfify opportunities and ,remedial measures, and
show results?

(h) How will the assessmient — including findings,
recopnmendations, and e€xpected results — be reported?

2 INTRODUCTHON TO COMPRESSED AIR
SYSTEMS

A fompressor is a machine that is used to increase
the yjressure of a gas. A typical modern industrial com-

2.1 Elements and Characteristics of Industrial
Compressed Air Systems

As illustrated in the example compressed air system
shown in Fig. 1, industrial compressed air systems, as
defined in ASME EA-4 and this guidance document,
have three basic functional areas. They are the supply
side, the transmission system, and the demand side.

industrial
compressed air system is where the air is ¢orhpressed,
treated, stored, and sent out into the system>Tle supply
side may include a single centralized compres$or room,
or may be composed of multiple\éompresspr rooms
within the plant site. Effective_ mdnagement ¢f energy
reduction efforts on the supply side require§ using a
minimum amount of eneigy to generate the|required
quantity of air, at the proper air quality, with the neces-
sary storage to provide a consistent reliable gupply of
compressed air to, the system. Key supply sidp compo-
nents are generation, treatment, primary storage, and
instrumentation that measures performance.

2.1.1.1 Generation. Generation of compressed
air iS\most often accomplished as a self-genefated sec-
ondary energy resource converted from a purchased
primary energy resource, typically electricity. [The ther-
modynamics of the compression process resuflt in 85%
of the primary energy resource being conyerted to
heat, which is often rejected as waste heat. The energy
conversion efficiency is therefore very low gt 15% or
less. After being generated, compressed air normally
passes through treatment equipment. In some instances,
responsibility for compressed air generation islassumed
by a subcontractor and is therefore a directly purchased
energy resource.

2.1.1.2 Treatment. Treatment of comprpssed air
is necessary to ensure that the air quality supplied is
consistent with point of use requirements. Thiree types
of contamination are typically present in compressed
air: particulates, oil (or hydrocarbon), and water vapor.
There is an energy requirement associated with equip-
ment used to treat compressed air. Coolers, s¢parators,
filters dryers, and other treatment equipment have fric-

pressed air system is composed of several major sub-
systems and many subcomponents as shown in the
example compressed air system in Fig. 1. Major subsys-
tems include the supply side, the transmission system,
and the demand side. ASME EA-4 considers the entire
system, from energy inputs to the work performed as
the result of these inputs. Each component subsystem is
now described.

tional resistance to compressed air flow resulting in
irrecoverable pressure loss that must be overcome by
increased energy input at the air compressors. In addi-
tion, various types of air dryers have varying energy
input requirements associated with removal of water
vapor from the compressed air. In general terms, greater
removal of contamination from compressed air has an
associated increase in energy use.
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Fig.1 Example Compressed Air System
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GENERAL NOTE: Not all systems will include all demand side components as illustrated.
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2.1.1.3 Primary Storage. Primary storage helps
manage the dynamic performance characteristics of
a compressed air system in which the energy demand
of point of use applications is variable and constantly
changing. Optimum energy performance is achieved by
maintaining an energy balance between compressed air
supply and demand. Energy supply is available from
rotating generation capacity of the compressors and
compressed air energy storage. In the ideal system, air
comnressors wouild ann]v the ax erage air demand

capacity to transport the peak airflow rate imposed
by the connected points of use. Distribution pipeline
design should consider that the peak airflow rate
caused by concurrent, high volume, intermittent air
demands may occur at random, and can significantly
exceed the average airflow rate for the system. An
energy efficient distribution system should minimize
irrecoverable pressure loss resulting from the interac-
tion of airflow with the fixed frictional resistance of the

while storage supphes energy for peak air demand.
Enerpy storage is then replenished when air demand is
beloyv average. For compressed air energy storage to be
usable to the system, storage pressure must be greater
than|the minimum required pressure. As such, there is
an enpergy requirement associated with creating useable
storage capacity. Compressed air storage is a recover-
able pressure differential in the system. When properly
applled, storage improves system efficiency; however,
operpting the system with more energy storage than
the gystem will ever use increases the system’s energy
requjrement with no additional benefit.

2.1.1.4 Instrumentation. Instrumentation measure-
mentf| provides the necessary oversight of system perform-
ance fo achieve sustainable long-term compressed air system
efficiency. It is important to quantify the amount of primary
energy input to the system (kWh), the quantity of second-
ary epergy resource, and compressed airflow (scfm) that is
prodpiced. Operations, maintenance, control adjustment,
respqnse of automation, changes in system dynamics,Jand
many other factors affect supply side efficiency. Sustainable
efficiency requires monitoring of key performance indica-
tors tp provide oversight of operation.

2.1.2 Transmission System. The\transmission sys-
tem gerves to deliver compressed air’energy to the many
use points that require compfessed air. Effective trans-
missjon maintains air qualify while delivering the neces-
sary pirflow and pressufe to the point of use at the time
pneymatic energy issequired to perform the production
task.|To save energy, the transmission system seeks to
minimize irrecoverable pressure loss in the system. Key
comjponents Qf the transmission system are distribution
piping, piping drops to point of use connections, sec-
ondqry.stotage, transmission controls, and instrumenta-
tion that measures pprfm‘manrp

distribution pining
I I O

2.1.2.2 Piping Drops. Piping drops.deliver com-
pressed air from the header to the point,of us¢ connec-
tion and are a key element in the ttafismissioh system.
The point of use piping begins at the‘inlet of thefirst con-
trol component associated with\the point of us¢ applica-
tion. That component may bé.a shut-off servige or lock
out valve, a filter/regtlator/lubricator confbination,
a solenoid control valve, or other control component.
Piping drops should be properly sized and configured to
deliver the peak aixflow required by the connedted point
of use application while causing a minimal amount of
pressure loss) Total transmission pressure loss including
mainline,<branch headers, and the piping drgp should
not exeeed 10% of the supply side pressure delivered to
the transmission system.

2.1.2.3 Secondary Storage. Secondary| storage
installed as a component of the transmission system serves
to provide a buffer during demand events. Seconfdary stor-
age will slow the rate of pressure decay and, tofa limited
degree, reduce pipeline velocity during high volyime inter-
mittent demand events. Other forms of secondafy storage
applied at the point of use can be more effective jn serving
high volume intermittent flow demands of spegific point
of use applications.

2.1.2.4 Transmission Controls. Transmisdion con-
trols can serve to control and stabilize delivered aif pressure
(e.g., pressure/flow controls). In large systems there may
be multiple logical demand sectors (e.g., individpal build-
ings, production areas, departments, and busin¢ss units).
Different point of use requirements in the variouf demand
sectors may allow lower supply pressure in sorhe sectors
as compared to others. Since any unregulated ledkage and
point of use applications will consume less compressed
air energy at lower pressiire it is desirable to idd ntjfy and

2.1.2.1 Distribution Piping. Distribution piping
carries compressed air from the supply side of the
system to all areas of the plant that are served by the
compressed air system. Distribution piping includes
the main lines and branch headers. Proper distribution
system performance delivers the necessary airflow to
any area of the system while minimizing irrecoverable
pressure loss. An effective distribution system has the

operate demand sectors at the lowest optimum pressure
associated with the point of use applications in that sec-
tor. Some production sectors may require compressed air
supply at all times, whereas other sectors may be used on
a seasonal basis or single shift of operations. The trans-
mission control applied to these types of demand sectors
might be a simple shutoff valve. Transmission controls can
reduce energy use by effectively controlling and minimiz-
ing compressed air demand.
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2.1.2.5 Instrumentation. Instrumentation that  Perceived high pressure point of use applications are
measures performance in the transmission system  often observed to malfunction at a specific connection
monitors the distribution of compressed air to record  pressure. The assumption is that system pressure must
irrecoverable pressure loss and establish accountability ~ be increased, while the root cause of the malfunction is
for compressed air energy use. For large systems, hav-  excessive point of use pressure drop occurring for a few
ing multiple physical or logical demand sectors (e.g.,  seconds or less during the peak airflow demand of the
individual buildings, production areas, departments,  point of use application. Energy efficient point of use
and business units) is good practice. Compressed air  piping supplies the peak airflow with minimal pressure
energy use of individual sectors should be metered and ~ loss meeting the dynamic performance of the point of
recorded with reporting of isage trends use application

2.1.3 Pemand Side. The demand side of the system 2.1.3.3 Point of Use Storage. Point of\use |stor-
encompasses all of the compressed air use in the plant  age is a specific type of secondary storage applied at
air systemn. Leakage is one component of compressed  selected point of use applications to improve the speed,
air demgnd and in many systems represents 30% or  thrust, and/or torque of the point of use applicatiqn. In
more of fompressed air demand. Artificial demand is  addition, if secondary storage is applied with appropri-
an additjonal component of waste that occurs when  ate refill control, high volume jntermittent demandp can
demand pide pressure is higher than required, causing  be supplied from storage while'eontrolled refill proyides
all unregulated leakage and use points to consume a  a more average air demand-on the transmission sygtem.
greater amount of airflow. The typical industrial com- By averaging the air use;peak pipeline velocity ip the
pressed dir system includes many points of use of com-  transmission systemisireduced, and the supply side is
pressed fir, perhaps hundreds or more. Compressed  not subject to peak air demand that may cause addi-
air demahd is the total cumulative airflow of connected  tional generatidn to come online.
leakage, |artificial demand, and point of use applica-

tions. Kgy components of the demand side are point 2.1.3.4\Point of Use Controls. Point of use|con-
of use, ppint of use piping, point of use controls, sec-  trols inglude service isolation or lock-out valves, filfers/
ondary gtorage, and instrumentation that measures regulators /lubricators, directional control valves, flow/
performgnce. speed controls, check valves, secondary storage confrols,

and any other device in the system located betweeh the

2.1.3}1 Point of Use. Point of use in a compressed ~* point of use connection (at the piping drop) and the point
air system is where compressed air energy is con-’  of use. Point of use controls are also a potential sgurce
verted td mechanical work or accomplishes a produc-  of excessive pressure loss or poor control resgonse
tion relafed task. Given the poor conversion efficiency  time during the peak airflow demand of the point of
of primafy energy to compressed air energy, thé use of  use application. Energy efficient point of use controls
compresged air should be limited to uses that'cannotbe  respond appropriately to the dynamic airflow and pres-

served by an alternative, more efficient energy technol-  sure requirements of the point of use application.
ogy. Inagpropriate use of compressed air is any point
of use afplication that can be better and/or more effi- 2.1.3.5 Instrumentation. Instrumentation that meas-

ciently sgrved by an alternativelenergy technology. High  ures performance at critical points of use in the system{ may
volume [ntermittent pointyof/use demands have the  be considered. Compressed air serves as a utility system
potentialfto be served by.gompressed air storage thereby  providing pneumatic energy to production equipmenjt and
reducing|peak energy requirements. Points of use that  processes. In some critical applications compressed aif sys-
are percdived to requife supply pressure higher than  tem performance has a direct impact on production| rate,
the majofity of thé dir demands on the system should  product quality, scrap rate, and rework cost. For these|criti-
be invesfigated:If the need for high pressure is valid,  cal applications, compressed air is a processes variablg that
should be controlled, monitored, and recorded in a manner

3 AN EFFECTIVE COMPRESSED AIR SYSTEM

2.1.3.2 Point of Use Piping. Point of use piping ASSESSMENT
includes all components of piping that extend from the
point of use connection to the actual end use. Point of use An effective compressed air system assessment, which

piping may include both field-installed piping as well is the focus of ASME EA-4 and this guidance document,
as piping within machinery or equipment built from an  is a discovery process of investigating system operation
original equipment manufacturer. Point of use piping  to baseline energy use and identification of opportuni-
must be sized with sufficient capacity to allow the peak  ties to improve performance and reduce energy input
airflow rate to be supplied with minimal pressure loss. ~ to the compressed air system. The assessment process
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defines specific informational objectives appropriate to
the system’s design and function. Those objectives form
a roadmap to study the system. The assessment process
includes developing and executing a plan to measure
the behavior of different portions of the compressed air
system and analyzing how each can affect other system
elements. The measured data should prove or disprove
the system performance characteristics that are thought
or known to exist.

production, process information and compressed air
system knowledge will establish the plan of action and
SOW for the assessment.

The standard allows for one or more methodologies to
be used for various assessment action items. Note that
the extent of work will vary with facility size and system
complexity. The site-specific assessment plan of action
should be based on economic justification and other fac-
tors the assessment team agrees upon during prelimi-
nary assessment activity

Performance of a r‘nmprpecpd air svstem is not alwavs
as it|seems. Highly visible symptoms often mask the
true inderlying root cause of inefficiency and poor per-
formpance. For example, the dynamic interaction of an
existing high volume intermittent demand may induce
a high pipeline velocity in distribution piping, which
causgs a temporary pressure upset affecting other points
of uge in the system. Alternatively, a perceived high-
presgure point of use caused by point of use pressure
drop| can establish the minimum air pressure require-
men{ for the system. It is important to validate the pres-
sure [requirements. In these examples, the entire system
is offen operated at increased pressure in an attempt to
overpower the problem. For an effective compressed
air system assessment, the appropriate performance of
genefation, treatment, storage, transmission, and point
of use requirements must be evaluated. Compressed air
symptoms of poor performance must also be investi-
gated to identify the root cause system issues resulting
in the observed performance.

Application of a systems approach to a compressed
air system assessment directs the focus toward totdl’sys-
tem performance rather than individual component effi-
ciendy. It is necessary to

(a)] understand compressed air point of.use as it sup-
portq critical plant production functions

(b)| correct existing poorly perfexmiing applications,
and those that upset system opefation

(c)] eliminate wasteful practices: leaks, artificial
demgind, and inappropriat€ usés

(d)] create and maintdin)an energy balance between
supply and demand

(e)] optimize compfessed air energy storage and air
comjpressor control

AYME EA4; Energy Assessment for Compressed Air
Systdms, applies to all compressed air systems large and

4 GUIDE TO ORGANIZING THE ASSESSI:]:ENT

4.1 Identification of Assessment/Team Me
Roles, and Responsibilities

bers,

The assessment team should\iriclude stakeHolders in
all areas of plant operations. T represent stakiholders’
needs, the assessment téam’should include representa-
tives from

(1) management

(b) production

(c) faciliti€s

(d) maintenance

(e) environmental health and safety

4.1.1 Required Functions and Personnel. [Potential
assessment team members to fill the functignal roles
identified in ASME EA-4 could include those lescribed
in (a) through (c).

(a) Authorized Manager. An authorized [manager
should accept overall responsibility and hhave final
decision-making authority. Responsibilities could
include supervising the assessment team and groviding
resources necessary to plan and execute the asgessment.
Resources include such items as funding, availability of
company personnel at the plant site and, as fjecessary,
requisitioning internal work orders, and supplies. The
manager should also allocate and authorize tHe partici-
pation of outside contractors and consultants, gnd facili-
tate the participation of any necessary outside personnel
requiring contracts, scheduling, confidentialiy agree-
ments, and SOW.

(b) Assessment Team Leader. Plant management can
demonstrate commitment to the assessment gogls, objec-
tives, and activities by appointing a system agsessment

small, siniple and complex. When applying the stand-  team leader familiar with the processes, systpms, and
ard, thelgoal is to reduce energy use and achieve a cost i i ms in the

savings. Improving system performance, enhancing
system reliability, and increasing productivity can cre-
ate cost savings above and beyond the energy savings
alone.

The standard recognizes that assessment work must
be cost effective. That is why preliminary assessment
activity is used to develop a site-specific assessment
plan of action and a measurement plan. Ultimately, use
of this standard is at the discretion of those participating
in the assessment. The assessment team, working with

plant. The team leader should be familiar with operating
and maintenance practices for the compressed air system
equipment (or should have access during the assessment
to people who are) and should be empowered to obtain
necessary support from plant personnel and other indi-
viduals and organizations during the assessment.

(c) Compressed Air Expert. The team should include
a compressed air expert. This individual, either a cor-
porate or plant employee or outside consultant, should
have the requisite qualifications, background, experi-
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ence, and recognized abilities to perform the assessment
activities, data analysis, and report preparation.

NOTE: Also see para. 4.8.1, "Identification of Other Assessment
Team Members Required,” in the standard.

4.1.1.1 ResourceAllocation. Resource allocation is
necessary to plan and execute the assessment. Resources
may include such items as funding, availability of com-
pany personnel at the plant site, and, as necessary, req-

o ’ - A
¢ resources, there may be a need to authorize

ents, SOW, etc.

The p¢rson given authority and responsibility for
resource pllocation should have experience with various
plant engrgy systems and involvement in this and other
plant engrgy management initiatives.

4.1.12 Coordination, Logistics, and Communications.
Assessmgnt objectives and action items involve a wide
cross-section of plant personnel including facility manage-
ment, prgduction management, equipment and machine
operators, and skilled trades including electrical, mechani-
cal, and nmhachine repair personnel.

The redponsible person should provide information to
plant pegsonnel and coordinate the necessary support
activities|required for the assessment.

The aspessment is a fluid process. Unexpected condi-
tions at the plant site or initial assessment findings niay
warrant modification of the assessment plan of action
and SOW. When changes to the SOW become ‘known,
the assesgment team should communicate the proposed
changes for approval.

The pepson given authority and respgnsibility for coor-
dination Jogistics and communicatioh should be knowl-
edgeable|in many aspects of the plant’s operations, have
experiende with various energy systems, and have some
familiaritly with the plant’s egmpressed air system.

4.1.113 Compressed Air Systems Knowledge. The
assessment team should work within the framework of
the standard to (x€ate a process that leads to the com-
pletion df an-appropriate assessment. Using prelimi-

nary infqrmation, the assessment team should identify
v ithao bact ~ 1t

applications of compressed air. In addition, this person
should be experienced in application of the systems
approach applied to compressed air system assessment.

4.2  Facility Management Support

Management commitment can communicate the
assessment’s importance to the organization. It is an
opportunity to align the assessment work with organi-
zational goals and objectives. Some general purposes of
SySTem as55e55ments are to

(a) improve resource utilization and cost reductjon

(b) contribute to the organization’s gfowth| and
stability

(c) improve product quality

(d) improve customer satisfaction

(e) reduce life cycle cost of pracess performance

(f) provide accountability ofccompressed air energly use

(g) identify opportunities\for process and prqduct
improvement

(h) provide knowledge and training for compre¢ssed
air energy optimization

(i) provide maragement information for continuous
improvement

The greatest'success of compressed air system maage-
ment canyresult from an interactive spirit of cooperption
to identtify and achieve common goals. The assessment
does not by itself result in system improvement; how-
ever, the assessment provides information needgd to
plan and implement energy reduction and perfornjance
improvement.

It is important to recognize that people have a patu-
ral resistance to being measured. Therefore, it is appro-
priate to express that system issues and opportunities
drive measurement of the compressed air system| The
purpose is to empower the people who design and pper-
ate the compressed air system with information thdt has
not been previously available to them.

Application of systems engineering principles| is a
new approach as compared to the traditional copmpo-
nent level design and evaluation of compressed aif sys-
tems. It can be acknowledged that following traditjonal
approaches in engineering is common practice| and
has been the norm for compressed air system degsign.
Conducting a system assessment is a change in appjoach
to compressed air system design and evaluation that is
an improvement over traditional methods.

areas of thesystem—that-offerthebestpotentialresults
for energy and system performance improvement and
prioritize areas to receive more detailed study.

The assessment team should develop a plan of action
consistent with assessment goals and site-specific goals,
and outline the SOW and supporting documentation.

The person given authority and responsibility for sys-
tems knowledge should be knowledgeable in the function
of various compressed air system components. This person
also should be familiar with overall compressed air sys-
tem operation from the air compressors through end-use

4.3 Communications

There is no additional guidance for this clause.

4.4  Access to Equipment, Resources, and
Information

Several days may be necessary to comply with certain
site access requirements. For example, security clearance
requirements or documenting insurance coverage is best
done well in advance of the planned date for site access.
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NOTE: Also see para. 5.2, Site Access Procedures, which are
requirements that are typically done upon arrival at the plant site.

Digital photos or videos, or both, can help document
the assessment process and findings. Determine require-
ments and procedures necessary to allow digital pho-
tos and videos to be taken and identify the terms under
which images can be used in analysis of data, reporting
of findings, and documentation of the assessment.

Document and communicate to members of the

once the problem is resolved, the temporary solution
often becomes permanent.

For example, in systems with high-volume intermit-
tent air demands, a low-pressure condition may occur
whenitisnecessary to start up acompressor to supply the
high volume demand event. If the system does not have
enough compressed air storage to maintain adequate
system pressure during the permissive start-up time of
the compressor, production operations can be affected.

assedsment team 1ncluding plant personnel, contractors,
and fonsultants all pre-access site requirements neces-
sary [to gain access to all areas of the facility required to
perfgrm the assessment.

Site access requirement could include but are not lim-
ited fo items listed as follows:

(a)] basic safety training requirements [e.g.,
Occypational Safety and Health Administration (OSHA),
Ming Safety and Health Administration (MSHA)]

(b)] personal protective equipment (e.g., hard hat,
safetly glasses, safety shoes, gloves)

(1) respirator requirements
(2) special safety gear (e.g., fire-resistant clothing,
metdtarsal guards, fall protection)

(c)| site requirements for drug and alcohol testing

(d) lockout/tag out procedures

(e)] hazardous (classified) area requirements for
instrppments/measurement equipment

(f)| insurance requirement

(g)| security clearance requirements

(h) written safety plan for onsite activity when-con-
ducting the assessment (section 5)

4.5 | Assessment Goals and Scope

Thee basic goal of a compressed air énergy assessment
is stated in the Foreword of the stafidard: “ Assessments
involve collecting and analyzing system design, opera-
tion,|energy use, and performance data and identifying
energy performance improyement opportunities for
systgm optimization.”

How that goal is applied to different compressed air
systdms and the scope of assessment activity will vary
among systems.\Fundamental goals such as measur-
ing laseline ‘ehergy use, compressed air demand, and
systgm operating pressure are obvious. Other goals are
somgwhatless apparent.

A common (1111'(*1(-{:1'3( solution is to kppp the ”Qtand—by"
compressor running. This can be done by funing the
compressor manually or by preventing~the dqutomatic
shutdown control from stopping the cémpresspr.

The energy-efficient solution tredts)the roof cause of
the problem, which is inadequate air storage. The scope
of work would include measurements to detefmine the
characteristic signature of the'"demand event ahd analy-
sis to design a properly dpplied storage solutign.

Working through Mandatory Appendix I, Pr¢liminary
Data Collection Matrix, the assessment team Will create
a list of goals and an associated assessment|scope to
achieve each¢goal. This list will become the site-specific
assessment, goals (para. 4.7), which together|with the
assessment scope for each of the goals can b¢ used to
develop.the assessment plan of action (para. 4.8).

Then in para. 4.9, Goal Check, the assessment team
cafvevaluate the assessment plan of action. If the assess-
ment team finds that the goals are not being met, they
should modify the goals or assessment scope, dr both, to
create a revised assessment plan of action thaf satisfies
the goal check evaluation.

4.6 Initial Data Collection and Evaluation

Some of the information about the plant| and the
compressed air system in the ASME EA-4 Mandatory
Appendix I, Preliminary Data Collection Matfix can be
collected without the physical presence of all tehm mem-
bers at the plant. If key members of the assess

ment team can collect this information before
the team arrives. The following elements of
Appendix I could be included in the followi
ries: 1.1,1.2.a,1.2.b,1.2.e, and 1.3.a.

Designing the assessment begins by gathering as much
information as possible about the compressed dir system
and its operation. Mandatory Appendix I, Prpliminary

catego-

4.5.1 Example Goal and Assessment Scope. Refer
to Mandatory Appendix I, section I-2, Plant Function,
c.2). This part of the standard states the assessment team
should talk with the compressor operators to determine
the problem and the severity of the impact on system
operation. The assessment team should determine past
problems and their solutions. When problems exist with
a compressed air system, quick solutions are often neces-
sary but are often not very energy efficient. Often these
quick solutions are intended to be temporary. However,

Data—Cottectiomr—viatrix, —guides—this—process.  There
are many different ways to gather this information in
advance of the assessment team’s meeting to define goals
and the assessment scope. Holding individual meetings
with all stakeholders of the system can be a lengthy, time-
consuming process. As an alternative to individual meet-
ings, the team might consider developing questionnaires
for distribution to stakeholders. Exchanging existing doc-
umentation among interested parties for comment can
be effective. Webcasts and teleconferences can also be an
efficient way to get good information.
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Table 1 Site-Specific Assessment Goals

I-4 Inventory Key End Use Air Demands

a. What are the high energy use equipment in the plant?

1) What equipment and processes use large amounts of compressed air?

2) How often and how long do these equipment or processes use air?

3) Does the large compressed air use have a negative impact on other end-use applications?

b. What high volume intermittent end-use applications do you know of in the plant?

1) VTidL equipmem difd Process lequilelllt‘lllb die Ubillg drge daimourits Or COMmpressed dil 10T 5NOTL pEIiUUb Ol lillle, 10OWwed Dy atl
nterval of time with minimal air demand?
2) Poes the high volume intermittent compressed air use have a negative impact on other end-use applications?
GENERAL NOTE: The letter and number designators correlate with the letters and numbers in Mandatory Appendix I, section (-4+0f ASME
EA-4-201¢.
4.7  Sife-Specific Assessment Goals listed in the plan of action matriX. Where the plan of
If som¢ members of the team do not work at the plant, ?}ftlon 'ma’trllx dofes n(zt megt pl.ant site goalsi actl}}: qre to
they can| work together with plant personnel on the € principies ob Systems-gNgIEEring, apply thel sys-
tems approach, and hé" sufficiently comprehepsive

assessment team to develop the plant’s assessment goals
(Table 1)

Typica
efficiency
having a
reducing

before they arrive at the plant.
goals for an assessment include improving
improving performance, reducing downtime,
more reliable source of compressed air, and
maintenance.

The {nformation in Mandatory Appendix I,
Prelimingry Data Collection Matrix, is designed to pro-
vide a list of possible site-specific assessment goals. For
example|Mandatory Appendix I, section I-4, Inventory
Key End{Use Air Demands, can be used to create a ques-~
tionnaire| webcast, or meeting agenda to help determine
site-specific assessment goals (shaded items are sdpple-
mental elements of assessment).

Other parts of this section of the matrix address the
following end use objectives:

(a) pejceived high pressure use

(b) low pressure use

(c) pogrly performing applicatiohs

(d) endl use applications with-air quality issues

Similagly, the rest of the\matrix can be used to col-
lect information that willallow the assessment team to

develop ¢verall site spedific assessment goals.
4.8 Aspessment Plan of Action

Using | infeymation from the previous three
sections —\Assessment Goals and Scope, Initial Data

when developing the-plan of action for the assessthent.
ASME EA-4 addresses the systems engineering prpcess
(para. 1.3.4) and. the systems approach (para. 1.3.3)
If the plant‘desires full adherence to the standqrd, a
third partyyeould evaluate the SOW of the assesstent.
Key elements of the review are as follows:
(@) The assessment considers the entire system, [from
energy inputs to the work performed as the resylt of
these inputs.
(b) The assessment is sufficiently comprehensiye to
identify the major energy efficiency opportunities for
improving the overall energy performance of the syftem.
(c) Where the standard is silent or inconsistent fof any
specific application, the assessment process is guid¢d by
the following;:
(1) Adhere to the principles of systems engineefring.

(2) Apply the systems approach.
(3) Be sufficiently comprehensive.

4.9 Goal Check

The following checklist is adapted from Sytems
Engineering Measurement Primer [2] and may pr¢vide
guidance in reviewing the assessment plan of actiop.

(a) Relevance. Why perform this action item? Is theremore
than one reason for this action item? Is it a result of ampigu-
ity in the related assessment objective? Only select dction

Collection, and Site-Specific Assessment Goals — the
assessment team will develop an assessment plan of
action and develop an SOW for the assessment.

As stated in the standard’s second-to-last paragraph of
para. 4.8, “The assessment team using information and
knowledge gained with respect to organizational, energy,
and system performance goals, together with system
requirements and stakeholders’ needs, shall incorporate
the plan of action into a SOW for the assessment.”

Meeting the plant site goals and information needs
may include objectives and action items that are not

10

items that are pertinent to an objective to be obtained.

(b) Completeness. Are goals, stakeholder’s needs, and
system requirements being met? Has any key parameter
needed to analyze data and achieve results been omitted?
Has a balanced set of objectives among supply, transmis-
sion, and demand thatadheres to the systems approach been
identified? Is the assessment sufficiently comprehensive?

(c) Timeliness. Can the system assessment meet the
required time schedule? Be sure data collection, analysis,
and reporting will provide results in the time allowed. Is
more time required or should the SOW be modified?
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(d) Simplicity. Can data be collected and analyzed
easily and cost effectively? Will the assessment pro-
duce results that can be presented in a manner such that
stakeholders will understand what it means?

(e) Cost Effectiveness. Is the budget sufficient? Will the
system assessment provide more value than it costs? Is
the SOW appropriate, or should it be modified?

(f) Repeatability. Will the same plant operating condi-

baseline measurement.

(g)| Accuracy. Are objectives, action items, methodol-
ogy, ind the resultant data relevant to system assessment
goalg? Are proposed measures reliable, and are measure-
men{s being made at the appropriate time? Measurements
should be accurate, and the resulting analysis should
accufately serve the intended purpose of making the
meagqurement.

4.9.1 Evaluating the Cost Effectiveness of an
Assegsment SOW. The economic benefit of an energy
assedsment depends on the assessment cost as com-
paregl to the potential savings and cost of implementa-
tion.|Evaluating the cost effectiveness of an assessment’s
SOW requires an estimate of present energy cost of the
systgm and possible cost savings. There are simple
straightforward calculations that can provide an esti-
matd of present annual energy cost for air compressor
operpition. Two methods are described below: using-the
manfifacturer’s rated performance for brake horsepower
(bhp), and performing a spot check measuremeht of the
air cgmpressor’s amperage. Cost savings aremuch more
varigble (between 15% and 50% savings).and difficult
to esfimate but should be considered by the assessment
team| as justification for the SOW.

4.9.2 Using Compressor Rating: Annual Electrical
Energy Cost (S) Estimate [3]

(bhp) X (0.746) X _(number of operating hours) X

percent full-
load bhp = bhp as percentage of full-load bhp at
this operating level
percent time = percentage of time running at this
operating level (percent full-load bhp)

4.9.2.1 Example. A typical manufacturing facility
has a 200-hp compressor (which requires 215 bhp) that
operates for 6,800 hr annually. It is fully loaded 85% of
the time (motor efficiency = 0.95) and unloaded the rest
of the time (25% full-load bhp and motor efficiency =
0.90). The aggregate electric rate is $0.05/kWh

Cost when fully loaded =

(215 bhp) X (0.746) X (6,800 R X
(30.05/kWh) % (0.85)% (1.0)

0.95 = $48,792
Cost when unloaded =
(215 bhp) X (0.746) X (6,800 hr) X
($0.05/kWh)~X (0.15) X (0.25) _ om

0.90
Annual eflergy cost = $48,792 + $2,272 = $51,064
%4.912.2 Factors That Can Affect the Calculatjon.
following factors can affect the calculation:

(a) motor operation in service factor (aboye name-
plate horsepower)

(b) part-load operation and the air compresgor’s con-
trol type

(c) operating pressure at the compressor
(as compared to equipment specification)

(d) utility rate structures using average
instead of actual rate that may be seasonal,
time of day, or using different block rates

(e) motor efficiency (especially after po
repairs and rewinds)

The

Hischarge

$/kWh
based on

r-quality

4.9.3 Using Spot Check Measurement (Ampg): Annual
Electrical Energy Cost Estimate

($/kWh) X (percenttime) X (percent full-load bhp) (voltage) X (measured amperage) X (1.732) |X (PF)
motor efficiency X (hours) X (percent time) X ($/kWh)
whete 1,000
0.746 = conversion between hp and kW
bhp = motor full-load horsepower (fre-  where
quently higher than the motor name- 1.732 = a factor used for three-phase
plate horsepower; check equipment power (i.e., the square root of 3)
specification) divisor of 1,000 = converts watts to kilowatts
motor efficiency = motor efficiency at this operating full load amps = the average of amperage for all
level of the three phases supplying
number of electricity
operating hours = the total number of hours the com- hours = the total annual operating

pressor runs during the year

11

hours for the electric motor
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Fig. 2 Motor Power Factor as a Function of Percent Full-Load Amperage
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Cost when fully Ioaded =

(469.7) %(239.7) x (1.732) X (0.89)
X 6,800 X 85% X ($0.05/kWh)

time of day or seasonal energy cost 1,000 = $50,156
variation
percenf time = percentage of time running at this Annual energy cost of a full-load operation = $5,156
operating level (measured amperage) When using measured amperage to calculatg the
PF = th? operating power factor of the elec- ~\*power of an air compressor motor running at less|than
tric motor the full load condition, it is important to consider the
ltage = the average voltage for all of thethree  changing power factor (PF) of a motor operating at a
phases supplying electricity fraction of its full load rating.
Spot check measurements of unloaded voltagd and
4.9.3.1 Example. A typical manufacturing amperage are as follows:
facility has a 200-hp compressor that\operates for
6,800 hr|annually. It is fully loaded 85% of the time Voltage Value Amperage Valud
and unldaded the rest of the time: The aggregate elec-
tric rate [is $0.05/kWh. The qompressor’s nameplate V., 469 A 9%
motor arpperage is 218 amps)with 1.15 service factor Va 470 Aa 97
(SF) ratigg. be b
Spot check measuremeérnits of voltage and amperage Vae 472 Ac 95
for a full Joad are ag foHows: Viverage 470.3 Aqverage 95.3
The measured unloaded amperage is 95.3 amps as
Voltagr Value Amperage Value compared to nameplate FL amperage of 218 amps [indi-
1 cates that the unloaded amperage is 43.7% of fulltload
Vab 467 A, 238 amperage. Referring to the chart shown in Fig. 2, [4] the
Vi 473 A, 241 unloaded power factor can be estimated for unload at
v, 469 A 240 43.7% of FL amperage to be 0.57.
v 469.7 A 239.7 Cost when unloaded =

average average

For the operating power factor of the electric motor
(PF), the full load is assumed to be 0.89.

(voltage) X (unloaded amps) X (1.732) X

(PF unloaded) X (hours) X (percent time) X ($/kWh)

1,000

12
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(470.3) X (95.3) X (1.732) X (0.57) X
6,800 X 15% X ($ 0.05/kWh)

= $2,257
1,000

Annual energy cost: unloaded operation = $2,257
Annual energy cost: total = $50,156 + $2,257 = $52,413

4.9.3.2 Factors That Can Affect the Calculation.
Factors that can affect the calculation are as follows:

error, resolution error, planned and unplanned assump-
tions, etc. Accuracy is improved by using measured
values in place of assumed or stipulated values. A more
efficient sample design, increasing sample size, and
improved measurement techniques will also improve
accuracy. In general, improving accuracy of the meas-
urement plan increases cost. The assessment should
remain cost-effective (see para. 4.9).

(b) Transparency. All aspects of the measurement plan
should be clearly and fully disclosed

(a)] motor operation in service factor (above name-
platg horsepower)

(b)| part-load operation and the air compressor’s con-
trol type

(c)] operating pressure at the compressor discharge
(as cpmpared to equipment specification)

(d) utility rate structures using average $/kWh
instepd of actual rate, which may be seasonal, based on
timelof day, or using different block rates.

(e)] changing motor power factor as motor load falls
beloyv full load output.

5 GUIDE TO CONDUCTING THE ASSESSMENT

Time and effort applied to action items for the sys-
tem pssessment should be traceable to issues, oppor-
tunifies, remedial measures, and implementation of
compressed air system improvements. Most projects
cannpt afford to collect data or gather information that
will hever be used.

5.1 | Measurement Plan

Something that is not defined cannot bemeasured.
For g¢ach measured parameter, the meastirement plan
shoulld identify the measurement location, the sample
rate,|data interval, and duration O0f\measurement. The
meagurement plan should consider the end-to-end
meagurement accuracy for each)parameter.

Mgasured data should (include a statement of esti-
matgd quantification uneertainty declaring both cover-
age ihterval and confidence level.

“The quantification uncertainty is estimated as =10%
with|90% confidence.”

A ptatemefnt’ of coverage interval without confidence
level] could;¥résult in an exceedingly narrow coverage

interpal.if-confidence is very low (e.g., =0.1% with 30%
conf ancal Al aruzal foaathar zith

(c) Reliability. Reliability considers the m@agurement
plan’s adherence to the system assessment gpals. The
measurement plan should address (Key patameters,
represent all operating modes of thé)plant, gqnd fairly
represent normal operating conditions. Meagurement
technique requires appropriateé~placement ¢f instru-
ments, stable electrical sighals, appropriatgly inter-
preted in engineering unifs; with sample rateland data
intervals so as to properly characterize the measured
parameter.

5.1.1 Measurement Instruments. The regdings of
many instruments will “drift” over time due to wear and
physical groperties of the sensing element. THe magni-
tude ofverrors for various types of sensing elements is
generally available in manufacturers’ specifications and
various instrument handbooks.

Instrument drift can be identified through “3s found”
testing where the instrument under test is conmppared to
the reading of an instrument that has undergqgne recent
calibration. Instrument drift is managed through re-cali-
bration following procedures of recognized measurement
authorities such as the National Institute of $tandards
and Technology (NIST). For calibration, primary stand-
ards and no less than third-order standard tracgable cali-
bration equipment should be used wherever possible.

Instrument accuracy is only one aspect of themeasure-
ment system accuracy. Other factors such as pgor place-
ment of the instrument so it does not get a propér “view”
of the parameter being measured, electrical int¢rference,
signal conversion error, and analog to digital cgnversion
resolution all act to reduce the instrument’s acfuracy or
precision. The instrument accuracy and precisjon speci-
fied by the manufacturer probably overstates the meas-
urement system’s end-to-end accuracy and prefision for
actual readings in the field.

ad araoa in
eree)—Abroad—ceoverageintervaltogetherwith
low confidence should result in more conservative state-
ments, estimates, and projections.

Quantification uncertainty is not intended to be the
result of a rigorous statistical process, but an uncon-
firmed estimate. Many factors affecting end-to-end
measurement accuracy, listed in (a) through (c), are dif-
ficult to quantify for in situ field measurement.

(a) Accuracy. Accuracy reflects the cumulative effect
of all errors introduced in measurement and analysis
including factors such as instrument error, sampling

13

5.1.2 Measurement Techniques. There is no addi-

tional guidance for this clause.

5.1.3 Baseline Period and Duration of Data Logging.
The baseline period should include all “typical periods” of
plant operation. It is common practice to use 24-hr days as
the basic operating period. However, other time periods
can be used. Typical days are representative of the plant’s
planned or unplanned changes in production. Changes
may be seasonal, based on the day of the week, market


https://asmenormdoc.com/api2/?name=ASME EA-4G 2010.pdf

ASME EA-4G-2010

conditions, availability of raw materials, or other fac-
tors. Compressed air system energy profiles exhibit both
time-dependent and production-dependent variation.
Depending on a particular day’s production operation, the
production-dependent portion of the plant’s compressed
air energy baseline will exhibit different characteristics.
Days with similar compressed air energy profiles (typical
days) are grouped together as different “day types.”
When considering the duration of baseline meas-

water from the pail into the measuring cup repeatedly
until all of the water has been measured and adding up
each individual measurement, the number of gallons of
water in the bucket has been directly measured.

5.1.4.2 Indirect Measurement. Referring to the
example in para. 5.1.4.1, suppose there is no type of
measurement container. How is the amount of water in
the bucket indirectly measured?
Indirect measurement of a parameter is inferred

urement, it is necessary to measnre all typical days
of operailion. Some typical days such as holidays may
represenf a small fraction of the plant’s compressed
air energy base year operation. Baseline performance
for a typjcal day may be stipulated based on historical
operating information. Stipulated baseline perform-
ance should not exceed 10% of the plant’s base year

energy uge.

5.1.3
for Food

1 Example: Determining Baseline Duration
Processing Plant [5]. A food processing plant
produced canned fruit and operates with a peak produc-
tion peripd for 13 weeks of seasonal operation. For the
remaining 39 weeks the plant has continuous operations
including repackaging product to fulfill ongoing cus-
tomer ordlers.

The aspessment team recognized two typical operat-
ing periods: seasonal production and continuous pack-
aging. Eqch of the two operating periods has potential
for variafions by day of the week, particularly weekend
operatior). Seasonal peak operation typically lasts for
13 weeks} and the baseline measurement was done duf-
ing a we¢k in August. A continuous packaging produc-
tion profile is taken for a week in February.

The m¢asurement plan included combining'data from
the plant|s existing DCS with data measured using port-
able datq loggers and transducers. The\PCS monitors
all pointg necessary to establish the gperating profile for
the contifhuous packaging produgetion period. However,
during the seasonal peak time on¢plant air compressor
and two fental compressors haye no input to the DCS.

The pqrtable data loggérsiand transducers sample at
a rate of [I0 msec and, xecorded data at a 6-sec interval.
This datq allowed overall system dynamic assessment
while some individual events and end use applications
were megsured-atup to a 25 Hz data interval.

5.1.4 Direct Versus Indirect Measurement

through the measurement of a sufficiently compr¢hen-
sive group of associated parameters so as to quantifly the
desired parameter.

Using a scale, the weight of the watef.and bucket is
measured. Then, the water is emptied|from the bycket,
and the empty bucket is weighed, Ipis determined that
the difference (weight of the full bucket — the weight of
the empty bucket) is 8.34 b Knowing that the depsity
of water is approximately,8.84 Ib/gal (at 60°F), it is[indi-
rectly determined that thebucket held 1 gal of water.

Suppose that the water is not near room temperpture
but is much hotter, If'the water is hot, only a megsure
of weight maybe insufficient to determine the voJume
of water. An@ther associated parameter that affects the
measurement is the temperature of the water, beqause
the weight-density of water decreases (or specific voJume
increasés) with increasing temperature. In this example,
the temperature of the water is 150°F. The weight|den-
sity of water at 150°F is 8.18 Ib/gal. At that temperpture
a bucket holding 8.34 Ib of water is actually 1.02 ga] —a
small difference. It is up to the measurement practitjoner
to determine the associated parameters to be meagqured
and the resultant accuracy interval and confidenge of
the inferred value for the desired parameter.

5.1.4.3 Example Direct Versus Indirect Measurement.

Measurement of power consumed by an electric mhotor
is one example of a compressed air system pararpeter
that can be directly or indirectly measured.

Factors that determine kilowatts are as follows:

(a) voltage for each of the three phases supp
electricity

(b) amperage for each of the three phases supp
electricity

(c) the operating power factor (PF) of the electric njotor

(d) balance or imbalance of voltage, current, or ppwer
factor (or all) among the three phases

ying

ying

5.1.4.1 Direct Measurement. Direct measurement

of a parameter is accomplished with an instrument
designed for such a task.

For example, if someone has a bucket of water, how
many gallons of water are in the bucket?

Direct measurement of a parameter is accomplished
with an instrument designed for such a task.

Making a direct measurement requires a measurement
container — for example, a measuring cup. By pouring
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For direct measurement, a range of kilowatts and
kilowatt-hour transducers are commercially available.
Differences are measurement of true RMS power or aver-
age power (average power is 11% lower than RMS power).
Transducers may measure based on an assumption of bal-
anced load or may measure actual phase imbalance.

Indirect measurement may be made by data logging
amperage and making assumptions for voltage, power
factor, and load imbalance. Allowable voltage varia-
tion for NEMA B design motors is +10%. Power factor
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Fig.3 Measured Power Factor Versus Percent Full-Load Amperage
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depends on motor design and also varies with actual
load|on the running motor. Data in Fig. 3 is measured
perfgrmance of motor power factor versus measured
amperage as a percent of full-load (FL) nameplaté
amperage for a 150 hp premium efficiency NEMA
Design B; 460 volt, 3 phase, 60 Hz electric motor."Netice
the variation in the measured performance of'Fig. 3 as
comjpared to “typical data” presented in Eig:2, para. 4.9
of th{s guidance document.

For both direct and indirect measurements, the
assegsment should document all(Televant application
data| from the manufacturer’s_instrument specifica-
tion [e.g., calibration inform@ation, accuracy, precision,
installlation, and application considerations). The
asse:{sment should identify and document any in situ
installlation factors that' deviate from the manufactur-
er’s [recommendations. The assessment should esti-
matq accuracy-and confidence of the in situ end-to-end

preximity to an elbow in the pipe and inducedl swirl in
the flow velocity profile.

Other considerations of the transducer’s installation
environment including extreme temperaturg (hot or
cold) or mechanical vibration may affect the fransduc-
er’s performance.

5.1.6 ElectricalSignalintegrity. Industrialgiteshave
many pieces of equipment that can interfere[with the
electrical signals associated with measuremept equip-
ment. Common electrical signals used for meapurement
instruments are voltage (xmV DC to =10 VD(), current
(commonly 0 ma to 20 ma with some 0 ma to 50 ma), and
frequency (0 Hz to 500 Hz through 0 kHz thrpugh 100
kHz). The following influences can seriously| degrade
signals: capacitive or magnetic coupling, grouhd loops,
common mode voltage difference, over-volfage and
transients, and electromagnetic and radioffrequency

field|measurement. interference.
Fof eachrinstrument used, document the relevant
data| from¥’ the manufacturer’s instrument specifica- 5.1.7 Planningand Measurement Techniques. There
tion Yee—ealibrationinformation—aceuracy—preeision tstroadditionat-gtidancefor-thisclatse:
performance).
5.1.7.1 Sample Rate and Data Interval. Comp-

5.1.5 Transducer Installation. Transducer installa-
tion has the potential to affect the measurement system'’s
end-to-end accuracy and confidence. Poor placement of
the transducer may prevent it from having a representa-
tive “view” of the parameter it is measuring. For exam-
ple, a pressure transducer’s reading may be affected by
its location relative to a check valve installed in the pipe-
line, or a flow meter’s readings may be affected by its

15

ressed air system performance is continually changing.
As a result, system parameters including airflow rate,
pressure, and power use of air compressors are chang-
ing. End use applications such as automated packaging
or assembly equipment may operate at high speeds.
Air demand can undergo large changes, increasing or
decreasing in a few seconds of time as high volume air
demands come on-line and off-line.
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5.1.7.1.1 Dynamics. Evaluating dynamics of sys-
tem operation and end use application performance often
requires a high frequency sample rate and also high fre-
quency data intervals. To capture dynamic performance
it is necessary to have a data interval equal to at least one
order of magnitude greater than the time base of the event
being measured. For example, to capture the dynamic
pressure profile of an air cylinder that extends in 0.5 sec, it
is necessary to use a data interval of at least 0.05 sec (20 Hz

data ratefamﬂmmﬂmgbm@MW
tion, a safple rate of 100 Hz might be indicated.

5.1.7}2 Signal Noise. Signal noise is a random dis-
turbance|to the measurement’s electrical signal. Noise
is often faused by factors that affect electrical signal
integrity.

5.1.7.2.1 Sample Averaging. Inrandom fashion
throughqut a given time period, noise-induced signal
variation|will produce an equal number and amplitude
of signals above and below the actual measurement
value. Ofe method of minimizing the impact of signal
noise is ”}versampling.” Using a high frequency sample
rate, mulfiple samples are averaged throughout a fixed
time intefval, and the resultant average value is stored
as the mpasured data. This sample averaging method
results is|one data point per time interval.

5.1.7.2.2 Power Measurement. Power measure-
ments typically serve two objectives: determine energy:.
use and |assess the compressor’s control response to
changing conditions.

Energyf use is determined by post processing individ-
ual pow¢r (kW) measurements, integrating: them over
time, and calculating energy use (kWh).dIhe greater the
frequency of sample rate, the more accirate the resultant
integrati¢gn of power to energy values. However, storing
high frequency data readings fok long periods of time
increases|the amount of data involved in calculating the
measurement of energy. Sample averaging described
above caf be used as a datamanagement method. Since
each avefaged data point recorded represents an aver-
age of ppwer readings, the accuracy of the calculated
energy measuremient is unaffected.

5.1.7.2:3 Energy Measurement. Watt-hour trans-

5.2 Site Access Procedures

The assessment should comply with plant site-spe-
cific safety training and safety requirements including
but not limited to

(a) appropriate personal protective equipment and
access to any specialized safety gear that is required

(b) lock-out procedures and access to equipment and
appropriate plant site contacts

(c) hazardous areas requiring special safety rating for

(d) review of emergency evacuation procedures)|loca-
tion of muster points, and process for accountability of
personnel

5.3 Assessment Kick-Off Meeting

There is no additional guidance(for this clause.

5.4 Deploy Data Collection'Equipment

Installation of portablé “instruments can be usefl for
short-term measurement activities. Short-term dgta is
recorded with a‘portable digital data acquisition| sys-
tem (data loggex). Multiple data loggers independently
assign time.and date values to logged data. Aligh the
time and.date values of each separate data loggpr as
closelyras’ possible. The assessment should document
the:expected time variation that will occur between| data
systems.

The assessment should verify that the digital syjstem
is reading the transducer at the sample rate and|data
interval as required by the measurement plan and|con-
vert the values to correct engineering units. This can be
accomplished with a short test-run of data and comjpari-
son with independent instrumentation where available,
or comparison with a group of associated stipulated val-
ues and/or indirect measurements.

If the data is erroneous, the team should troubleghoot
and correct equipment and/or instrument installation
issues such that recorded data is appropriate. If finre-
solved measurement installation issues increase ujncer-
tainty with respect to the recorded data, these shoulld be
documented along with the impact on the measurement
confidence level.

After collecting large amounts of data, it is [very
common for that data to be unusable. Such resulfs are
not only disappointing, but they lead to additjonal

ducers infegrate power measurement over time and pro-
vide a pulse output with each pulse representing some
number of watt-hours. Based on energy measurement
alone it is difficult to assess the dynamic response of com-
pressor controls to changes in system performance. For
dynamic analysis, power measurement is more relevant.

5.1.8 ldentify Test Points and Parameters. There is

no additional guidance for this clause.

1 P | L L N £
unplanned-time-and-costforthe-assessment:
Before collecting data, ensure that the instru-
ment’s batteries are functioning, and, if possible,
power up the equipment and use the battery power
as a backup. Ensure the power outlet is working.
Label the power cord and data logger with the fol-
lowing message:

Compressed Air System Testing in Progress. Please Do Not
Disconnect Power.
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Fig. 4 Example Installed Data System
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When setting up the data logger, check and.ne-check.
Be syre the data logger is set, running, and. getting rea-
sonaple data. Forgetting to put the memory card in,
failirlg to start the logger, and forgetting to open the iso-
lation valve on the pressure transduiger are all common
wayy to get incorrect data.

Dgtermine if the data are-reasonable and look at
the display on the data logger and see if the readings
make sense. If there ischg display, download a short
run ¢f data and see ifif'makes sense. Do not forget to
restart the data logger after downloading. It can be
easy|to spot the'pressure transducer with a closed iso-
latiop valvegbut difficult without reviewing the col-
lected data.
sure’that the data logger is set up properly Check

data 1nterval Make sure the tlme clock on the data log-
ger is set correctly. Make sure the data interval makes
sense. If the plan calls for a slow data interval but the
equipment being measured operates at a fast cycle rate,
review the plan and see if the assessment team wants to
revisit the measurement plan.

Perform daily checks, making the rounds once a day,
and see that the data loggers are still running and that
the data still looks good. Check the batteries and ensure
that nothing has been unplugged.

5.5 Coordinate Data From Permanently Insfalled
Data Systems

The assessment should gather data availdble from
permanently installed systems [e.g., Supervisory
Control and Data Acquisition System (SCADA)].! If
data from a short-term measurement activity (logged
data) will be used together with SCADA data,|align the
time and date values of each separate system s closely
as possible. The assessment should documnent the
expected time variation that will occur between data
systems (see Fig. 4).

The team should verify that the SCADA i$ reading
the transducer at the sample rate and data injterval as
required by the measurement plan, and conyert these
values to correct engineering units. If the datp is erro-
< d ct equip-
ment and/ or lnstrument 1nstallat10n issues such that
recorded data are appropriate. If left unresolved, meas-
urement installation issues increase uncertainty with
respect to the recorded data, document issues, and the
impact on measurement confidence level.

1 Permanently installed data systems have various

designations [e.g., Distributed Control System (DCS), Building
Management System (BMS)]. For reference such systems will be
referred to as SCADA.
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5.6 Validate Data

Instruments, digital systems, and methodologies used
for data collection differ in complexity and degree of dif-
ficulty. Measuring and collecting large amounts of data
often result in some amount of missing or erroneous
data.

(a) Data can be interpolated from, or populated with,
valid measured data taken during another time period
of similar operation.

y = (50 psig/V) X (3.3 V) + (— 50 psig) = 115 psig
The correct value for a 3.3-V signal should be 115 psig.

5.6.3 Example: Known Correction Applied to the
Data. An averaging style kilowatt transducer is used
to measure compressor power. Real power is measured
as the RMS (root mean square) value of the sinusoidal

electrical voltage and current wave form. For a sine wave
the RMS valueis pr}n;\] t0Q.707 times the pp;ﬂ( value, and

(b) IndorTect scaliing Of engineering units can be cor-
rected thfough post processing to rescale to correct engi-
neering ynits.

(c) Indirect measures of related parameters along
with stipjlated values or spot check measurements can
be used tp derive reasonable methods of post processing
data to apply appropriate correction factors.

Validafion of data is a more rigorous process than “ver-
ifying dafa,” which is described in para. 5.4 of this guid-
ance docpiment. Validation of data identifies elemental
errors and uncertainties that ultimately affect the cov-
erage intprval and confidence of the result. In addition
to identiflying and correcting erroneous or missing data,
other coffrections for calibration adjustments, errors of
method, pr known corrections are applied to the data.

5.6.1 Example: Calibration Adjustment. A group of
pressure fransducers with =1% FS accuracy are used for
measurement. The transducers have improved repeat-
ability of|£0.07%. On-site test measurements for the “as
found” pressure reading of each transducer recorded
the systematic offset pressure of each individual prés=
sure tranisducer as compared to a calibrated *0:015%
pressure [transducer. Post processing pressure~data for
each indjvidual pressure transducer should be done,
correcting the measured value by the tested systematic
offset pressure of the transducer. By(this process the
overall cpverage interval for pressute data is improved
as compdred to the accuracy specifigdtion of the original
pressure fransducers used for.measurement.

5.6.2 K
a given

xample: Correcting Errors of Method. For
measurement, walidation of data reveals that
an incortect scaling-factor was set in the data logger’s
configurgtion. Apressure transducer scaled as 0 VDC
to 5 VD( signal*with a 0 psig through 200 psig range
should hpve.been configured with a 1 VDC to 5 VDC
signal. The+s ire-wa ostgAVtH-the-meas
urement made at the incorrect signal scale is 132 psig,
the electrical signal would have been 3.3 V (132 psig /
40 psig/V). The proper slope for the transducer signal
should be 50 psig/V and 1V offset. With 1 V offset, the
transducer’s offset pressure at 0 V signal is -50 psig.

Correct scaling for a linear pressure transducer with
1 VDC to 5 VDC electrical signal scaled to a pressure
range from 0 psig to 200 psig uses the equation of a
straight line

y=mx+b
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average is equal to 0.637 times the peak value. Thexgfore,
the RMS value is equal to 1.11 times the average measure-
ment (0.707 / 0.637 = 1.10989). Post processing,of av¢rage
kilowatt measurements would add 11% to’the meagured
value as a correction to RMS power.

5.7 Plant Functional Baseline

The assessment should zecofd data associated |with
plant function and produétion process information.|Base
year energy use is measured according to Mandhtory
Appendix II, Plan of Action Matrix in ASME EAH#. To
completely definébase year conditions, it is necessdry to
document the-plant’s functional baseline through gath-
ering relevant production operating data. These data are
the basis.of future system performance comparis¢n. A
well designed and executed system assessment re¢ords
plant.operating conditions in a way that can be acc¢ssed
incthe future.

5.7.1 Static Factors. Comparisons of future| per-
formance will require adjustments for changing plant
function. Factors that govern compressed air energy use
over the short term are normally considered stati¢ fac-
tors. Over the long term the normally static factorsfsuch
as those listed as follows may change:

(a) amount of production space or number of
duction shifts per day

(b) type of products being produced

(c) the amount or type of pneumatically powered
production equipment

pro-

5.7.2 Base Year Production Performance. The agsess-
ment team should determine the necessary plant func-
tional data and appropriate method to record and orgpnize
the data necessary to define base year performancel The
team should investigate and document base year pr¢duc-

(a) production rate during baseline measurement,
annualized for the base year, based on the plant’s nor-
mal measurement of production output (e.g., number of
units produced, tons of product produced)

(b) type of production processes, square footage of
production area, and number of machine and/or pro-
duction lines

(c) baseline operating practice, number and time
duration of production shifts, seasonal schedules,
number of employees, etc.
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Table 2 Production Rates Recorded During the System Assessment
Day of the Week Typical Operating Period Date Production Volume
Thursday Partial production 11/6/08 178,845 b
Friday Limited productlon and 11/7/08 14,070 1b
maintenance
Saturday Down day 11/8/08 No production
Sunday Production startup 11/9/08 50,003 lb
Monday Full production 11/10/08 301,821b
Tuesday Full production 11/11/08 307,523 b
Wednesday Full production 11/12/08 336,578 lb
Thursday Full production 11/13/08 269,503 lb

(d) present production outages, including tools,
maclhiines, processes, and production areas that are shut
down for repair, maintenance, retooling, business cycles,
marKet conditions, etc.

5.1.3 Example: Plant Functional Baseline. The
plan{’s measure of production output is pounds of prod-
uct. According to production records during the assess-
men{ baseline period, the plant produced 1,279,498 1b of
prodpuct from Thursday, November 6 through Thursday,
Nov¢mber 13. Production information for the baseline
peridd is shown in Table 2. Detailed production operat-

ing schedules were provided by each production mang
ager and are included in an appendix.
The plant operates a total of eight production lines:

threq specialty lines and five standard lines. The pack-

area has a total of 28 packaging machines. The

ere are three material handling’systems supplying
aterial to the production-process. Material han-
g systems in the plant (ise compressed air for dense
transfer of raw npiaterial. One system serves two

include
periods, 50 hrmted production and mamtenance perlods,
35 partial production periods, and 60 down days.

If the plant’s production includes seasonal operation,
the baseline may need to consider several additional
typical operating periods.

Establishing a well documented functional baseline
is important to post implementation measurement and
verification. If the production process had not changed
and production volume is equal to the baseline period,
then the functional baseline has little relevance. However,
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implementation of compressed‘air system imprpvements
often take between severahmonths and 1 yr to 2{yr before
all changes are compléte,"During the time of implementa-
tion, production levels'may change, or physical ghanges to
the production process may have taken place. Adjustments
to the plant’s production baseline may be necessary during
a future pest implementation assessment. Routihe adjust-
ments arefactors affecting production that are expected to
change, One example of a possible routine adjustinent may
be-¢hanging market conditions that cause changes in pro-
duiction schedules. Nonroutine adjustments are & result of
factors that are less likely to change (e.g., a majof addition
to the plant changing the type or number of pfoduction
lines operating in the plant).

To evaluate routine or nonroutine adjustments prop-
erly, a well documented baseline of the physifal plant,
production equipment/processes, and produgtion out-
put is essential.

5.8

There is no additional guidance for this claupe.

Functional Investigation

5.9 Progress and Wrap-Up Meetings
The assessment team can communicate a number
of ways during the progress and wrap-up meetings.

Knowledge and findings obtained during thHe assess-
ment should be communicated among the tegm mem-
bers. This can be done through computer-generated
slides (e.g., PowerPoint) or other means.

summa-
rize performance information. Photos of existing plant
equipment can serve to document the present produc-
tion process and the type of equipment in use. Excerpts
from original equipment manufacturer (OEM) manuals
for production equipment with diagrams, description
of operation, recommended maintenance, and other
information can document production process require-
ments. Opportunities for energy reduction (e.g., inap-
propriate use of compressed air) can be documented
with photos.
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Table 3 Example Baseline Summary

Average Average Annual Energy
Total Operating Airflow, Airflow, Peak Demand, Load Factor, Annual Energy, Cost,

Day Type Hours acfm %Cs. kw % kWh S/yr
Production 6,000 538 40.9 182.5 58.9 769,950 $30,798.00
Weekends 400 630 47.9 103.6 47.5 41,440 $1,637.00
System totals 6,400 544 41.4 182.5 58.2 811,390 $32,435.00

The mfeeting can be held with all team members
attending in person. Other alternatives exist such as tel-
econferencing. However, given the importance of visual
presenta:Lon of findings discussed above, a webinar
(webcast) style meeting is preferred over teleconferenc-

ing, as it fllows all team members to view visual presen-
tations that can facilitate discussions.
6 GUIDE TO ANALYSIS OF DATA FROM THE
ASSESSMENT

6.1 Baseline Profiles

The tegm should

(1) defermine baseline performance for the sys-
tem power profile and the associated airflow rate of
demand

(b) asgess total baseline performance to hourly pro-
files of erfergy use and total air demand

(c) bageline the system’s compressed air supply
efficiency

(d) anglyze daily performance and identify-the pro-
file for typical days of operation

(e) anpualize data for the expected number of operat-
ing days for each day type profile (seefpara. 6.1.5)

(f) praject base-year energy and airdemand totals

An exgmple baseline is shown in jTable 3.

Detaildd data such as the baseline profile for individ-
ual typichl operating periods\shown in Table 4 may be

byisotrces are treatment equipment such as air
dryers ancdHitters—D ITg; T Tt
energy use may be minimal or significant; if the latter, the
assessment team may decide that it should be included as
a supplemental element of the assessment.

The energy use for irrecoverable pressure loss in fil-
ters is included in the compressor power measurement
due to the impact on compressor discharge pressure. Air
dryers have various energy sources depending on the
dryer’s design.

Refrigerated dryers have a separate electrical input
to power the refrigeration system. Noncycling-style
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air dryers have constant energy use independept of
airflow rate through the dryer, while ¢ycling-style| dry-
ers have reduced energy use when.airflow rate or|inlet
temperature are lower than the/dryer’s rated design.
Since the air dryer’s energy uSe iS low as compargd to
that of an air compressor, the\dryer energy use cqn be
stipulated by manufactuten’s rating and be withip the
10% limit set forth in ASME EA-4 (para. 5.1.3). Direct
measurement of kilgWatt input to refrigerated air{dry-
ers in the system'will yield the most accurate megsure
of dryer energy\use.

For heatless regenerative-style air dryers, purg¢ air-
flow is the major energy supply to the dryer. The enjergy
use is measured in the compressor energy that gener-
ates.'the purge airflow. Heatless air dryers requfire a
small energy input to operate electrical controls, bult this
is generally considered negligible. For the heat of fom-
pression-style air dryers, the energy of regeneration and
pressure drop are also measured within the air compres-
sor power measurement.

Heat-regenerated and blower-purge air d
use a significant amount of external energy inpu
processing the airflow. The energy input is us
from electricity required to drive the purge blowe
to power electrical heaters used to heat the purg
flow. Alternatively, some heat-regenerated air d
may use steam or direct-fired gas heaters for purg
heating. For a regenerative air dryer equipped
standard controls, dryer purge and energy use arej
trolled with a fixed time cycle. Energy-saving cor
such as dew-point demand cycle controls are beco
more common. Dew-point demand cycle control [initi-
ates purge cycles as needed to maintain design|dew
point. When the moisture load to the air dryer is below

he—ctestgn—rati ying—time—redttees the
frequency of regeneration cycles, thus lowering overall
energy consumption.

Other parasitic energy consumption may include
water-pumping energy or ventilation fans to support
compressor cooling requirements. In some instances,
compressor heat may impact energy requirements
for air-conditioning the compressor room. The prac-
titioner should evaluate all energy flow necessary to
support the compressed air system and account for all
energy input.

ryers
t for
lally
and
b air-
ryers
e-air
with
con-
trols
mning
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Table 4 Example Baseline Profile for Production Day Type

Hour of Day 1 2 3 4 5 6 7 8 9 10 11 12
Comp #1
Measured power,
kW 72 72 72 72 72 72 84 84 84 84 84 84
Calculated airflow,
acfm 190 190 190 190 190 190 380 380 380 380 380 380
Calculated %
capactty 70 70 ay) Ay 70 70 30 30 30 30 30 80
Cascpde # 1 1 1 1 1 1 1 1 1 1 1 1
Comp #2
Meagured power,
k 20 20 20 20 20 20 56.8 56.8 56.8 56.8 56.8 56.8
Calcylated airflow,
acfm 0 0 0 0 0 0 277 277 277 277 277 277
Calcylated %
capacity 0 0 0 0 0 0 33 33 33 33 33 33
Cascpde # 2 2 2 2 2 2 2 2 2 2 2 2
Tota| power, kW 92 92 92 92 92 92 140:8 140.8 140.8 140.8 140.8 140.8
Totalairflow, acfm 190 190 190 190 190 190 657 657 657 657 657 657
% Syistem capacity 14.4 14.4 14.4 14.4 14.4 14.4 50 50 50 50 50 50
Hourof Day 13 14 15 16 17 18 19 20 21 22 23 24
Comp #1
Meagured power,
kWY 90 90 90 90 90 90 78 78 78 78 78 78
Calcylated airflow,
acfm 475 475 475 475 475 475 285 285 285 285 285 285
Calcylated %
capacity 100 100 100 100 100 100 60 60 60 60 60 60
Cascpde # 1 1 1 1 1 1 1 1 1 1 1 1
Comp #2
Meagured power,
kW 92.5 92.5 92.5 92.5 92.5 92.5 20 20 20 20 20 20
Calcylated airflow,
acfm 546 546 546 546 546 546 0 0 0 0 0 0
Calcylated %
capacity 65 65 65 65 65 65 0 0 0 0 0 0
Cascpde # 2 2 2 2 2 2 2 2 2 2 2 2
Total power, kW 182.5 182.5 182.5 182.5 182.5 182.5 98 98 98 98 98 98
Total airflow, acfm 1,021 1,021 1,021 1,021 1,021 1,021 285 285 285 285 285 285
% System capacity 77.7 77.7 77.7 77.7 77.7 77.7 21.7 21.7 21.7 21.7 21.7 21.7
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6.1.1 Power and Energy Profiles. There is no addi-

tional guidance for this clause.

6.1.2 Demand Profile.
ance for this clause.

There is no additional guid-

6.1.3 Supply Efficiency. There is no additional guid-
ance for this clause.

is no addjitional guidance for this clause.

6.2

Systen
sary to 4
response

System Volume

volume is an important parameter neces-
ssess system events and compressor control
As system pressure increases, compressed air
energy if entering storage, and that energy is released
from stogjage as system pressure decreases. To calculate
the amoynt of compressed air entering or leaving stor-
age, two|parameters are required: the storage volume
and the pressure increase or decrease occurring within
that volume.

The m¢chanical volume of a system is simply the sum
of the indlividual volumes of each air receiver, pipeline,
or other yessel within the compressed air system.

The effective volume of the system is the system’s
mechanidal volume adjusted for the actual pressure
increase aind decrease that occurs. All components and
pipelines|in a compressed air system have frictional fesist-
ance to girflow. As a result, the magnitude of pressure
change isinot constant throughout the entire system.

6.3

Using [the cumulative result of jall remedial meas-
ures relafed to the system préssite profile, including
mitigating the effect of presSute variations, drawdown
events, diynamic pressure instability, irrecoverable pres-
sure loss) and excessiyeénd-use dynamic pressure loss,
the team should establish specific recommendations for
an appropriate system pressure profile.

There gre many different system performance charac-
teristics that affect the air pressure dehvered to end—use
equipmen ]
ered about the system s existing pressure proﬁle and its
dynamic performance. Problems with system perform-
ance often result in an unacceptably low pressure sup-
plied to end-use applications. A common solution to low
systemwide pressure, low pressure in a particular part
of the system, or occasional low-pressure problems is to
increase the compressor control set points or run addi-
tional compressor horsepower as necessary to ensure
acceptable pressure at all times throughout all parts of
the compressed air system. While this solution has the

Pressure Profile
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potential to satisfy pressure requirements of production
equipment, it can be very energy intensive.

The assessment team should determine the proper tar-
get pressure for the compressed air system. Starting with
end-use pressure requirements, the team can develop
a system pressure profile accounting for reasonable
recoverable pressure loss throughout the system and
necessary recoverable pressure differential for effective
Compressed air energy storage. The team needs to con-

compressed air pressure throughout the system

There are many operating conditions that can‘contrib-
ute to excessive, irrecoverable pressure loss! Some|con-
ditions are transient; they occur for shorf periods off time
and are a result of temporary operating‘conditiong that
are a consequence of changes in air demand of a sppcific
end use, or group of end-use derhdnds. Several syjstem
design characteristics affect thé.dirflow / pressure|rela-
tionship and will impact the'system’s dynamic prepsure
profile. Analysis of th&rmeasured dynamic pregsure
profile may identify eharacteristic signatures of vafious

transient conditiofis that have a negative impact or} sys-
tem pressure performance.
Dynamic_“gressure performance conditions |may

include thefollowing:

(a) Pressure Variations. Pressure variations are chqnges
thatare‘observed to be systemwide, affecting the ¢ntire
pressure profile. Pressure variations can result from
many aspects of system performance. For example, a
cascade compressor control strategy may result ip the
system pressure operating at the high end of the cantrol
range during periods of low air demand. As air dethand
increases and additional compressors are added to| gen-
eration capacity, the system pressure operates at Ipwer
and lower portions of the compressor control rangg¢.

Multiple compressor systems where each compres-
sor operates with local control response can experjence
pressure variations that are a consequence of interafction
among the various independent compressor cdntrol
systems.

(b) Drawdown Events. These events are charactefized
by the continual decay of overall system pressure affect-
ing the entire pressure profile. When total compre¢ssed
air demand exceeds rotating online generation cqpac-
ity, system pressure will decrease as time goes on{ The
rate of pressure decay, or drawdown rate, depends on

eration capacity) and the storage volume of the system.
The highest pressure-drawdown rate occurs with a large
supply deficit and low storage volume. The supply
deficit can be a result of increased air demand, such as
operation of a high-volume, intermittent air use causing
total air demand to exceed generation capacity. Another
source of a system drawdown event is the unanticipated
shutdown of an air compressor (for example, in response
to a high-temperature or motor-overload condition) that
may create a supply deficit.
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Fig. 5 Example Pressure Profile 1
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(c)] Dynamic Pressure Instability. This pressure insta-
bility results from changes in airflow rate interacting
with|system resistance of a portion of the compressed
air system and causing a change in compressed air
presgure loss through that portion of the system. The
presgure drop through a fixed resistaneexin a com-
presged air system will change as a squared function
of change in airflow rate. For example, if a filter has
3 psid at 100-scfm airflow rate, that pressure loss will
incrdase to 9 psig at 200-scfmfairflow rate. Dynamic
presgure instability can occidr in any part of the com-
presged air system. Pressute variations occur as airflow
chanjges through restrigtions, such as treatment equip-
menf, main line djstribution piping, branch sections
of distribution piping, or any part of the system, and
thesg¢ cause restriction to air flow. Dynamic pressure
instapility usdally affects the pressure profile in local-
ized [sections of the restriction and points downstream
of theszestriction. An exception is dynamic pressure

of air flow change [as discussed in para. 6.3(c)][localized
to the end-use point. End-use dynamic pressyire insta-
bility is generally considered in the pipe drop from a
header to the machine connection point and ffom there
to the end-use pneumatic device.

After investigating pressure profile performjance, the
compressed air system assessment team can| develop
solutions to issues that negatively impact|the sys-
tem pressure profile. Possible solutions may include
changes to compressor controls, overall confrol strat-
egy, air storage piping, component size, endruse pip-
ing connection, and other designs that will| provide
optimum pressure profile performance. The assess-
ment team should provide specific remedial mmeasures
to address opportunities to optimize the pressure pro-
file. Based on proper implementation of recommmended
remedial measures, the assessment team shquld pro-
vide specifications for an appropriate system|pressure
profile.

inst
change with fixed resistance of supply-side air treat-
ment equipment, which affects the compressor control
signal pressure upstream of the treatment equipment.

(d) Irrecoverable Pressure Loss. Irrecoverable pressure
loss is the resultant pressure reduction caused by indi-
vidual components of the system and the airflow rate
through the component.

(e) End-Use Dynamic Pressure Instability. Dynamic
pressure instability is the resultant pressure performance

H TR 1oz £ N S 43 £ £]
Tty Testrtmg ottt actont—or < tiow
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E/\(»IJ.J.I.IJ}.L tJL\.DDLIJ.\./ tJJ.Uf;.}\_D arc DhUVVJ.I. ;.LI. F;gs- 5 and
6, and Fig. 7 shows an example measured pressure
profile.

6.3.1 Average Pressure and Pressure
Variations. There is no additional guidance for this
clause.

6.3.2 Peak Airflow: Effect on the Pressure Profile. As
a result of isolated demand events or the simultaneous
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Fig. 6 Example Pressure Profile 2
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occurrence of multiple random demand events, the peak
airflow rate of a compressed air system can at times be
much greater than average airflow. With the impact of
compressed air storage, peak airflow can at times exceed
the total generation capacity of the system’s air compres-
sors. Peak airflow in a system has two potential effects
on the system’s pressure profile.

(a) Pressure Drawdown. The continual decrease in sys-
tem pressure that occurs as a result of a demand event
whe . . .

drawdown is occurring, compressed air energy
eased from storage. The amount of storage that is
ilable and the degree to which demand exceeds sup-
ply dombine to determine how rapidly system pressure
decr¢ases (drawdown rate). The duration of the demand
evenf and the drawdown rate determine how much the
systgm pressure goes down during the event (draw-
downh pressure).

(b)| Pressure Instability. The increase or decrease in
compressed air pressure due to the interaction of chang-
ing girflow rate with the fixed resistance to flow rep-
reserjted by system components and piping through
whidh the airflow must pass.

Fof compressed airflow (at a given pressure and tem-
perature) through any component or pipeline having
fixed resistance, the change in pressure loss is a squared
function of the increase or decrease in airflow rate. Due
to stgrting and stopping of various air demands and the
cyclif nature of many air demands, compressed airflow
rate [throughout a compressed air system frequently
changes. The changing airflow rate interacts\yith the
fixed resistance of the system componentssand piping,
resulting in frequent changes in pressure.diop causing
presgure instability, which is observed in the system’s
dyngmic pressure profile.

6.3.3 Excessive Irrecoverable Pressure Loss. There
is nojadditional guidance forthis clause.
6.3.4 Excessive Pressure Gradient. There is no

addifional guidancéfor this clause.

6.4

There is'no‘additional guidance for this clause.

Perceived High-Pressure Demand

6.4.1(Rated / Recommended End-llse Pressure. There the header to end use operates with minimal

is no additional guidance for this clause.

6.4.2 Dynamic Flow/Pressure Relationship. There is
no additional guidance for this clause.

6.4.3 Stability of Supply Pressure. Piping of the
proper diameter ensures air gets where it needs to
go, when it needs to get there, close to the originat-
ing pressure, and in the quality and quantity required.
Minimizing pressure drop requires a systems approach
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in system design and maintenance. The team should
evaluate air treatment components such as aftercoolers,
moisture separators, dryers, and filters to ensure they
have the lowest possible pressure drop at specified max-
imum operating conditions of flow and temperature.
The pressure drop through the system also increases
as the square of airflow rate (velocity). High-volume,
intermittent demands create peak airflow rates, causing
profile is
from end
piping is

users are causing the instability or undersized
responsible.

Interruption of production operatiohs”at the point
of use can be a symptom of low préssure supply at the
use point. Casual analysis and anecdotal information
often lead to the conclusion that'compressed afir system
pressure must be increased at'the source to prevent pro-
duction interruption. Oftén; intermittent lowfpressure
conditions at the point-of use can be attributefl to tran-
sient pressure distufbances that exist on the derhand side
of the system andcannot be detected by obsefvation of
the supply-side pressure. The perception that{low sys-
tem pressute)is the cause should be investigatdd further
to assess the root cause of the production interfuption.

Whenassessing the stability of supply predsure to a
perceived high-pressure end use, dynamic pregsure pro-
file-measurements often include three or four key pres-
sure measurement locations, such as the following:

(a) header pressure in the area of the perceiyed high-
pressure use that is being evaluated

(b) on the piping drop to the machine at the equip-
ment connection point

(c) downstream of the filter, regulator, lubridator sup-
plying the equipment

(d) as close as is practical to the end-use ppeumatic
device that is believed to require higher pressyre

Dynamic interaction and the flow/presqure-drop
relationship may cause pressure upset to th¢ end-use
device because of excessive pressure loss betveen the
plant air header and the use point. Pressure lops during
the end-use air demand can be evaluated by [perform-
ing dynamic measurement of pressure at tle points
described above.

It is also important to note that pressure ins
the header could also cause random product:
ruptions even when the dynamic pressure pr

ability at
on inter-
file from
pressure
loss. It is possible that operation of equipment in other
parts of the compressed air system is creating perform-
ance conditions that upset pressure in the local distri-
bution header at the perceived high-pressure use that is
being assessed.

Comprehensive investigation should include efforts
to rule out upstream pressure instability as a causa-
tive effect of unacceptable pressure performance. These
efforts should include measuring the local pressure pro-
file for a sufficiently long duration of time to experience
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potential pressure upsets caused by other equipment
in the system. If there are suspect high-volume, inter-
mittent air demands that may cause system pressure
upset (such as dense phase transports or high-volume
blowing applications), efforts should be made to moni-
tor these demands during operation of the suspect air
demand events.

6.4.4 Remedial Measures and Quantify Savings.
There is no additional guidance for this clause.

6.4.441 Existing Pressure Anomalies. There is no

additiongl guidance for this clause.
6.4.442 Valid High-Pressure Use. There is no addi-
tional gujdance for this clause.

6.5 Ddmand Profile

When measuring dynamic airflow rate to the system
(see Marjdatory Appendix II, II-7 a.1), it is best to take
the meagurement at a point downstream of primary
storage. Ky measuring at this location, airflow supplied
from primary storage will be directly measured. If the
flow meajsurement is made upstream of primary storage
or inferrdd by measurement of compressor operation, it
is necesspry to account for airflow delivered from pri-
mary storage. The contribution of compressed air pri-
mary stofage to dynamic airflow rate can be evaluated
based on| the storage volume and pressure drawdown
rate (AP /HT) (see also para. 6.4.3).

When fassessing the demand profile, it is necessarty
to identify any large supply/demand imbalancexFor
example)| if rotating generation capacity far-‘exceeds
the avergige air demand, an improved contrel strat-
egy shotfild consider automatic shutdoWn “of excess
compresgor capacity. If peak air demand exceeds the
rotating |generation capacity, a short-term pressure
drawdown may cause additional compressors to come
online. Alternatively, increased compressed air energy
storage mhay allow the peaklair demand to be satisfied
without the power consumption of starting additional
air compfessor capacity\to meet the short-term peak air
demand.

Other
may incl

possible‘remedial measures for this situation

to allow the supply 51de of the system to operate at a
lower average airflow rate. At the same time, dedicated
storage serves the high-volume, intermittent demand
requirement.

(b) for high-volume, low-pressure demands, installa-
tion of an alternate, more appropriate air source, such as
low-pressure blowers.

(c) improved primary storage with larger storage
volume and optimized storage pressure differential.

(d) elimination of the artificial demand that results when
storage pressure requirements increase pressure through-
out the entire system. Installation of a pressure/flow con-
trol can separate the relatively higher-pressure compressed
air storage receivers from the downstream air demands.
This will serve to protect unregulated demands from being
supplied at the elevated storage pressure that is necessary
to create usable compressed air energy in storage.

The
contribution of compressed air storage to dynamic air
demand can be evaluated based on the system/sst¢rage
volume and pressure drawdown rate (dP/dT)” Nofe the
pressure drawdown may not be equal(throughoyt the
entire compressed air system (see also para. 6.4.3).

6.5.2 Transmission System, Performance. There is
no additional guidance for this{clause.

6.5.3 Remedial Measures-and Quantify Savings. There
is no additional guidahce for this clause.

6.6 (Critical AirDemands

6.6.1 Effect'on Productivity and Energy. When| pro-
ductivitympact outweighs an increase in energy| use,
it is important to consider the positive effect on|pro-
ductivity and associated financial benefit of impnoved
performance.

One method is to consider energy intensity or energy
input per unit of production output. The team should con-
sider that this analysis of critical air demands may b¢nefit
from narrowing the measurement boundary. Narrowing
the measurement boundary may allow energy perform-
ance to be more easily compared to production varigbles.

If greater production output is not necessary,|con-
sideration should be given to time-dependent| and
production-dependent components of energy | use.
Production-dependent energy use may increasd but
could be offset to varying degrees by reduction in fime-
dependent energy use.

If an increased production rate is necessary, altprna-
tive energy scenarios to achieve the production goals
may be considered. Energy reduction may be the fesult
of avoided energy use that would result from an pner-
gy-intensive method of increased production as fom-
pared toa more efficient alternative. Th1s approac may

1mplemer1tat10n energy analy51s Ad]ustments should
be based on identifiable physical facts associated with
the critical air demand and related production process
within the measurement boundary.

6.6.1.1 Example of Narrowing the Measurement
Boundary. An existing machining cell in a manu-
facturing plant has a group of various machine tools,
including drills, lathes, mills, and grinders. It has been
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Fig.8 Compressed Air Waste

Inappropriate use

Leakage

Artificial demand

%

Normal
production

proppsed to replace equipment in the machining cell
withfnew multi-axis NC machining centers. The airflow
rate fonsumption of the new machining centers will be
greafer than the existing variety of machine tools con-
sum¢. However, the production rate of parts produced
will glso be increased. As a result of the increased capac-
ity, new levels of production can be achieved. Or if pro-
ductjon requirements remain constant or decrease, there
will be reduced run time for the machining cell.

While the amount of compressed air energy for every
hour| of production at the machining cell will increase
(kscfl/hr), the number of parts (parts/hr) is expected:té&
increfase to a greater proportion. As a result, the overall
energy intensity (kscf/part) is expected to decrease:

Fof the assessment baseline and future pest=imple-
menfation measurement and verification, it is\necessary
to identify the change in both air consumption and pro-
ductjon rate of the machining cell. Measurement of total
plant air demand will not allow sfifficient resolution of
airflgw data to quantify the change that is attributed
only [to performance of the machining cell.

The solution is to narrow_the measurement boundary
and nake baseline meastirements for only the machining
cell separate from the total plant profile. The assessment
meagurement plaftshould include a separate baseline
of the machining:cell’s present production rate and air-
flow| profile \Lost-implementation, measurement and
veriffcatieniean then include measurement of the new
ctiort rate and airflow profile, which will prove or

disp
sity has been achieved.

6.6.2 Critical End-Use Characteristics. When evalu-
ating critical end-use requirements, it is helpful to clas-
sify the end use as “Flow Static” or “Flow Dynamic.”
Flow-static end-use applications will primarily address
the dynamic pressure profile, while flow-dynamic appli-
cations must consider the dynamic performance of both
airflow and pressure.

6.6.2.1 Flow-Static.End Use. Flow-statid end-use
applications of compressed air are charactqrized by
operating situation§” where the peak airflow] require-
ment of the end use and the critical end-use|pressure
occur at différént times. One example is a clanfping cyl-
inder wherein the peak airflow occurs as the cylinder is
moving,into position and the critical pressure|is neces-
sary.after the cylinder is stopped and clampinig force is
being applied.

6.6.2.2 Flow-Dynamic End Use. Flowidynamic
end-use applications of compressed air are ¢haracter-
ized by operating situations where peak airflow rate
and the critical supply pressure must be supplipd simul-
taneously. For example, an air motor requires girflow to
maintain speed and pressure to develop torqué.
6.6.3 Analyze Process Limits. There is no additional
guidance for this clause.

6.6.4 Remedial Measures and Quantify | Savings.
There is no additional guidance for this clause

6.7 Compressed Air Waste

Using data collected during the assessment,|the team
should quantify various components of compfessed air
waste. The assessment should provide specific|remedial
measures necessary to eliminate waste and|quantify
energy savings estimates. Figure 8 shows compressed
ait waste T0r an exampie Systei.

Demand for compressed air goes beyond what is
needed to do work. The typical industrial compressed
air system delivers half or less of its compressed air to
productive end-use air demand. The other 50% or more
is wasted. Types of waste include inappropriate use,
leakage, and increased demand due to excessive system
pressure. To effectively cut costs in a compressed air sys-
tem, wasteful air demands need to be minimized.

The unproductive demands are defined as follows:
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artificial demand: additional compressed air usage due
to pressure levels higher than what is necessary to keep
equipment operating properly.

inappropriate uses: any application that can be done more
effectively or more efficiently by a method other than
compressed air

leaks: an unintended loss of compressed air to ambient
conditions

6.9

To minimize system operating pressure, the team
should

(a) establish the recommended target pressure for
system operation

(b) analyze the recorded system pressure profile and
apply the cumulative result of all remedial measures
related to the system pressure profile, including mitigat-
ing the impact of pressure variations, drawdown events,

Reduce System Operating Pressure

6.7.1 Leakage. As the assessment team develops a
target for the amount of leak reduction and an estimate
of energy savings, they should apply reasonable expecta-
tions of hpw much leak reduction is possible. For example,
it stands fjo reason that greater leak reduction is achievable
when thefe are relatively fewer large leaks as compared to
numeroup small leaks. These larger leaks are easier to find,
and also here are fewer leaks to repair. On the other hand,
numeroup small leaks may be a result of widespread use
of poor pliping practice in which small leaks are likely to
occur. Effectively dealing with this type of leakage may
require changes to existing piping practice. For example,
minimizihg the use of rubber hose with clamps and using
harder pipe or tubing can be a change to existing methods
that can thke time to produce measurable results.

Other practical considerations include the following;:

(a) Is |time available for skilled trades to repair
leakage?

(b) Is ¢quipment downtime available to allow repair
to be dore?

(c) Wil overtime work be necessary and will it:be
approved?

6.7.2 Inappropriate Use. There is no, additional

guidance for this clause.

6.7.3 Artificial Demand. There is\no additional guid-
ance for this clause.

6.8 Optimize Air Treatment

There is no additionahguidance for this clause.

dynamic pressure instability, irrecoverable pressurdloss,
and excessive end-use dynamic pressure loss

(c) establish specific recommendations fer.an appro-
priate system pressure profile (see also para’ 6.3 of this
guidance document)

The assessment should state ¢tie recommehded
demand-side target pressure and{pressure variatiop tol-
erance for each demand sectof./The team should eyalu-
ate system operation at thewreduced target pressur¢ and
estimate energy reduction.

Implementing the ¢necessary remedial measurgs to
effectively operate at’reduced pressure, as outlingd in
the assessment team’s recommended pressure profile, is
a step-by-step process. Operating the system accogding
to a new pressure profile will depend on implemepting
a comprehensive group of remedial measures address-
ing things such as air storage, irrecoverable prepsure
losss distribution piping upgrades, removal of reptric-
tions in point-of-use piping, and perhaps modifichtion
of the actual end-use pneumatic equipment.

The assessment team needs to be sure that all necepsary
measures are in place to ensure system reliability as pper-
ating pressure is reduced. Even then pressure redugction
should be done slowly over days or weeks. All stakehold-
ers in compressed air system operation should be alprt to
the fact that unintended consequences of lowering sys-
tem pressure may need to be dealt with. If problems prise,
increase pressure to an acceptable level, assess the prob-
lem, implement a solution, and then continue redicing
system pressure. Simply put, if the system experiendes an
event that causes a production curtailment or outagg, the
energy-efficient operating scenario will be quickly gban-
doned in favor of the (former) less efficient but mor¢ reli-
able operating methodology.

6.8.1 |Appropriate Air Quality
NOTE: ISQ 8578 has changed significantly — use current version. 6.10 Balance Supply and Demand
The team should analyze system control methods
6.8.2 Redundant Treatment Equipment. There isno  necessary to maintain real-time balance between sup-

additional guidance for this clause.

6.8.3 Treatment Effect on Pressure Profile. There is

no additional guidance for this clause.

6.8.4 Remedial
Result.
clause.

Measures and Quantify Energy
There is no additional guidance for this
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ply and demand with sufficient transmission capacity to
move compressed air energy from supply to demand as
required by the dynamic characteristics of the system.
The optimum supply-and-demand balance would be
achieved if the full load generation capacity of all run-
ning air compressors exactly matched the compressed
air demand. Of course, the likelihood of maintaining
that exact balance is virtually impossible. In most sys-
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tems, the air demand is not constant; rather, it changes
as machines and production processes start and stop
during their normal operating cycles.

Over a given time period, for example, 1 hr, the sys-
tem would have some average air demand with periods
of peak air demand above and valley periods below the
average air demand. The goal when balancing supply
and demand is to have rotating online compressor capac-
ity slightly greater than the average air demand. Peak air

demand shouldbe anp]ipd from storage and storage refill

the reduced demand profile. Examples of optimal con-
trol strategies include the following:

(a) Shut down any compressors that are not needed
to support the reduced demand profile.

(b) Where possible, operate compressors at their
most efficient performance condition, which is typically
at their full-load design point.

(c) Apply trim capacity operation with the most effi-
cient part-load capacity given the available mix of com-
pressor sizes and control types

would occur during the valley periods of air demand.

To[implement proper storage for the operating strat-
egy flescribed above requires measurement of the sys-
tem’s dynamic air demand with analysis of average,
peak} and valley air airflow rate and time durations.
Thesp data allow the practitioner to determine the fea-
sibility of implementing compressed air energy stor-
age. [When engineering storage, the amount of usable
comjpressed air storage is dependent on the volume of
receifer capacity and the pressure differential between
the gtorage pressure and system’s target pressure as
defirjed in the pressure profile.

Itik also necessary to consider that shifts in air demand
(incrpases or decreases in air demand that have a long
time|duration) will require adding to the rotating com-
presgor capacity with increased demand and provide the
oppdrtunity to shut down rotating compressor capacity
with|decreased demand. The practitioner must consider
that pll air compressors have a permissive startup time
periqd (the amount of time from when the compressor
receijes a signal to start and when it actually \begins
delivlering compressed air into the system). Petmissive
startfip times vary based on the type of air'compressor,
the dapacity control method of a compressoér, and pos-
siblylhow control parameters are set within the air com-
presgor’s control panel.

Cdmpressed air energy storage miust be sufficient to
supply air to the system during.the permissive startup
time|for the various air compressors. In systems where
therq is insufficient stordge to support air demand dur-
ing permissive startup-time, a control strategy may use
“spirning reserve -Cdpacity. An air compressor operating
in spinning resetve-has its electric motor running and is
operating at itstinloaded power while delivering no com-
presded air.into the system. Spinning reserve capacity is
an inefficient strategy and can be improved with proper
application of storage, which allows the compressor to be

7

(d) In multiple compressor systems, consig
cation of control automation to maintain ‘suj
demand balance under normal variations;in thg
profile.

The assessment should provide specific [remedial
measures necessary to implemerit the proposgd control
strategy. The assessment should quantify the [expected
energy reduction and estithate savings.

er appli-
ply-and-
demand

6.11 Assess Mainténance Opportunities

Like all electromechanical equipment, indusfrial com-
pressed aip-systems require periodic maintgnance to
operate db péak efficiency and minimize unscheduled
downtime. Inadequate maintenance can have|a signifi-
cantdmpact on energy consumption via lower compres-
sién efficiency, air leakage, or pressure variability. It can
also lead to high operating temperatures, poor[moisture
control, and excessive contamination. Most problems
are minor and can be corrected by simple adjfistments,
cleaning, part replacement, or the elimination df adverse
conditions.

Common maintenance mistakes include rot main-
taining filters, end-use filters, and lubricators;{ignoring
air dryer and condensate trap maintenance igsues; not
providing adequate ventilation; and not pgrforming
lubricant analysis.

Preventive maintenance is defined as a maintenance
activity performed at a regular interval of timfe or run-
hours to prevent systems from failing. Predictivie mainte-
nance uses diagnostic equipment to monitor ahd detect
the onset of deterioration; this extends servige life by
controlling the degradation. Other maintenange actions
can be classified as breakdown (fixing brok¢n equip-
ment), corrective (repairing equipment that is hot meet-
ing operating specifications), and tune-up (a sp¢cial kind
of preventive maintenance on an entire subsysfem).

shut down when its capacity is not needed.

The team should analyze the total effect of compressed
air demand reduction, including the elimination of inap-
propriate use, leakage, and artificial demand, together
with the impact of recommended compressed air stor-
age to reduce peak airflow supplied from generation.
Given the baseline demand profile, the team should cal-
culate projections for the reduced demand profile with
implementation of recommended measures. The assess-
ment should optimize compressor control strategy to
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Most of the issues covered mn Mandatory Appendix
11, 11-14 fall into the tune-up category, or they could be
the first action in establishing a predictive or preventive
maintenance program.

6.12 Evaluate Heat Recovery Opportunities

As air is compressed, the temperature of that air
increases, and the heat generated by this temperature
increase must be removed from that air. The heat gen-
erated during this process can be as much as 80% to
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93% [6] of the input power. Such a high percentage of
input power represents a significant quantity of heat
generated. However, the energy quality of the heat
generated is low. In other words, while compressing
air generates a large amount of heat, the available tem-
perature, typically in a range of 130°F to 200°F, limits
the heat recovery opportunities to those applications
that can take advantage of these lower temperatures.
However, despite the low energy quality, there are

input. The written report documents system perform-
ance improvement opportunities and includes an imple-
mentation action plan. The report addresses all parts of
the compressed air system, including supply, transmis-
sion, and demand. The report quantifies baseline energy
use and projected energy reduction associated with the
opportunities identified.

7.1  Final Assessment Report

opportunities that can make nse of 50% to 90% of the
waste avhilable heat.

When fonsidering applications, the first variable that
should b¢ considered in an assessment is whether the air
compressor being evaluated is air cooled or water cooled.
The reasqn for this is because the heat rejection medium
will influence what type of heat recovery opportunities
make thejmost sense. In addition, those opportunities that
can makq use of the heat rejection medium directly with
no internjediate heat exchanger will typically recover the
most heaf and have the best paybacks.

The following includes some applications that might
be appropriate for either air-cooled or water-cooled air
compresgors; this list is not intended to be exhaustive:

(a) Ai-Cooled Compressors

(1) | space heating
(2) | process air drying

NOTE: Dycting from units can be used to direct the cooling air
from encldsed compressors directly into the space to be heated
or to the dfying application. When using ducting, the assessment
team should consider the following:

(a) the ability to redirect hot air to outside the
facility during periods when heating or drying, s not
desired
(b) the need for a booster fan to overcome the
head pregsure created by the addition of'ducting
(b) Water-Cooled Compressors

(1) | process-water heating or preheating

(2) | potable-water heating-Orpreheating

(3) | boiler-makeup preheating

6.12.1 |Equations to <Approximate Energy Recovery
Opporturlity
energy savings (MNIBtu/yr) = (fraction of heat recov-
erable) x|(load-factor) x [compressor break horsepower
(hp)] x [hours of operation (hr/yr)] x [conversion

The essential information here 15 the ttie of the project
indicating the company’s name, project manager,agsess-
ment team leader, assessment technical leaden, angl the
date. The title of the report can be a statemient of the
subject.

7.2

A table of contents is recommended and sHould
include report headings and‘page numbers that ficcu-
rately reflect the materidbthat appears beneath themn.

Final Assessment Report Contents

7.2.1 Executive_.Summary. The executive sumfnary
is used by deéision makers (managers) to deternine
what actions need to be taken as a result of the agsess-
ment. This'section condenses and summarizes the report
in brief, The executive summary is independent gf the
bodyef the report. The executive summary emphdsizes
the objective (which states the goals) and the analypis of
the results (including recommendations, projected sav-
ings, and costs to implement).

yides
btion

7.2.2 Facility Information. This section pro
plant background information with a brief descri
of manufacturing processes and products.

7.2.3 Assessment Goals and Scope. The intrqduc-
tion and scope of work provides the reader with the
background information needed before reading the
body of the report. It should also give the reader alclear
idea of what material is to follow; it should describe the
project and define the scope of the report.

Using Mandatory Appendix II (Plan of Action Matrix)
of ASME EA-4, describe what system assessment gbjec-
tives, action items, and methodologies were usefl for
your plan of action.

The assessment goal is to successfully improv

b the
ormnraccad air cuc

(0.002545 MMBtu/hp-hr)] / (compressor eificiency)

cost savings = energy savings (MMBtu/yr) / (efficiency
of offset heating equipment)

7 GUIDE TO REPORTING AND DOCUMENTATION

An effective compressed air system assessment is a
discovery process that includes investigating system
operation, baselining energy use, and identifying oppor-
tunities to improve performance and reduce energy

30

compressed—airsys : EA-4

presents a comprehensive set of tasks and analyses that
must be accomplished to provide a proper assessment of
a compressed air system. This Standard outlines certain
fundamentals that must always be included in a system
assessment to ensure the end user receives the expected
benefits. However, to properly address the wide range
of systems and applications of compressed air in indus-
try, a certain flexibility must also be allowed so that a
wide variety of users can gain the benefit of having their
system appropriately assessed.


https://asmenormdoc.com/api2/?name=ASME EA-4G 2010.pdf

ASME EA-4G-2010

Fig. 9 Example of a Simple Block Diagram

7.2.4 Description of System(s) Studied and Significant
System Issues. The plant’s compressed air system(s),
including the scope of the system’s supply-side char-
acterfistics, transmission equipment, and demand-side
characteristics, should be described. To allow for better
undgrstanding of any system, the report shall provide a
graphical representation of the system, such as a block
diagram, so that those reading and reviewing the report
can have at least a basic understanding of the system’s
configuration.

.2.4.1 System Block Diagram. The block diagram
shoulld be as simple or detailed as necessary-to-match
the rpquired level and intent of the assessmient and the
complexity of the system. A simple block’ diagram is
a ong-line diagram that depicts the supply side or the
demgind side or both. The monitofing points should be
identified on the diagram. Any proposed modifications
to the compressed air system(should be shown as dotted
lines|or as a separate “new\system” drawing.

Fop basic assessments\on relatively straightforward
systgms, the block diagram may be as simple as the
one $hown in Figr9» Figure 10 shows a more complex
systgm.

A more détdiled schematic may be required on more
comjplex systems or when the assessment warrants

Each measurement point should be identified w1th a
unique address.

Notes accompanying any block diagram should list
the ratings and end uses of the various pieces of equip-
ment (compressors, dryers, filters, etc.). Tables 5, 6, and
7 show very simple examples.

Finally, should significant system changes be recom-
mended that involve new equipment or relocating or
repiping existing equipment, a block diagram or sche-
matic should be provided if it adds clarity.

Compressor | End || || End
#1 use use

Compressor o = m

Compressor | | End End
#3 use | | [ [use
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7.2.4.2 Site Issu€s. An operational revigw of sys-
tem, energy/utilities consumption and cost, [demand-
side issues, tfansmission issues, and supply-side issues
should beyincluded. Best practices (i.e., methods and
procedurés found to be most effective at energy reduc-
tion) should be noted.

7.2.5 Assessment Data Collection and Measyrements.
The report shall document the measurement tdchniques
used. The report shall clearly identify the procgsses and
methodology used in the study so that the custpmer and
other third parties can judge the accuracy apd valid-
ity of the assessment. It should include the following
information:

(a) study time of the assessment: numbe
onsite, duration of data collection, start and
of the assessment period, similarity of study
actual annual operation, etc.

(b) data collection equipment used: insfruments,
metering, data loggers, gauges, etc. For instange, a table
of all of the instrumentation used and its accuracy may
be presented, as shown in Table 8. Instrument manufac-
turers have various specifications used to degcribe the
performance of their products. Many descriptions of
performance are based on customary specificatjons used
and recognized in markets they serve rather thgn current
practlce in the field of metrology Common pqrameters
- Aonlinear-
ity, sensitivity or drlft effect of operatlng temperature
etc. Installation factors — such as pipe geometry, pipe
dimensions, inner pipe surface roughness, etc., in the
case of flow transducers — will affect the instrument’s
performance as applied in the field. The practitioner,
using available data, experience, and judgment, should
perform a Type B uncertainty estimate for the measured
parameter.

(c) sample rates and duration of any data logging or
sampling methods.

of days
end date
period to
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Fig. 10 Complex Block Diagram Showing Transducer Locations
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Compressor A01
150 hp 660 acfm
125 psig

@ Hlow meter location

@ Rressure transducer location

Prefilters

&
BON.

1,200 scfm desiccant dryer

After-filters

Table 5 Example Equipment-Rating Notes

A
il

B66

B80

8

-

1 — 7 ——1 —T —1

o All dryer outlet
Building 18 valves controlled
Compressor A03 . /— by automation
150 hp 660 acfm B13
A03 125 psig l§<}
= — =7 @ ¢ @ B49
(2) 700 scfm desiccant dryers FT
. 2\l @ |
. .
2,000 gal B60O

Nominal hpi/\bhp

Equipmeent ID Manufacturer Model Rated Performance Type Control Type
Lubricated rotary
T50 hp / 165 bhp screw,
Comp A01 Company A RSL 150 660 acfm / 125 psig water cooled Load / unload
150 hp / 171 bhp Lubricated rotary
15 hp cooling fan screw,
Comp A02 Company B RSH 150 665 acfm / 145 psig air cooled Inlet modulation
150 hp / 162 bhp Lubricant-free two-
10 hp cooling fan stage rotary screw,
Comp A03] Company A RSL 150 660 acfm / 125 psig air cooled Load / unload
Receiver Company E 150-psig MWP 2,000 gal
700 scfm, 15% purge Regenerative 10-min
Airdryers |l and 2 Company C RHL 1000 150 psig MWP heatless time cycle
1,200 scfm
Prefilter Company D FC 1200 150 psig MWP Coalescing
1,200 scfm Particulate
After filter| Company D FP 1200 150 psig MWP 1 micron
10 hp blower,
30 kW heater
1,200 scfm
7% purge Regenerative
Air dryer 3 Company D RBP 1200 150 psig MWP blower purge Dew-point demand
1,200 scfm
Pre-filter Company D FC 1200 150 psig MWP Coalescing
1,200 scfm
After-filter Company D FP 1200 150 psig MWP Particulate 1 micron

GENERAL NOTE: MWP = maximum working pressure
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Table 6 Example Equipment Age / Comments

Equipment ID Age / Comments
Compressor A01 Very old; used for backup; water-cooled
Compressor A02 10 yr old; air cooled with 15 hp cooling fan
Compressor A03 Brand new; air cooled with 10 hp cooling fan
Airdryers 1 and 2 10 yrold
Air dryer 3 New
All filters New; timer-style drain valve
Receiver Timer-style drain valve
Table 7 Example Key End-Use Air Demands
Pressure
Bnd-Use Building Minimum Required Required Airflow
1D Location (Present), psig Type of Use (Quality) Comments
Conveyors, welders, chip Intermittent (general Very interm|ttent low
Ehd use 1 B49 90 (100) blow*off plant) average lisage
B5A 100 scfm — 300 scfm 2-in. supplyline with
Ehd use 2 outdoors 80 (100) Actuators, valves, pumps (~20°F) flow meter
Air hoists, hand tools, blow- Unknown (Not Intermitter]t except
Epd use 3 B81 100 (100) offs specified) continuous|blow-off
Tank agitation, diaphragm 400 scfm =500 scfm
Ephd use 4 B66 60 (100) pumps (Oil free / 37°F) Constant|usage
Table 8 Example Accuracy Information
Instrument Specifications — Manufacturer’s Data
Instrdment Type Manufacturer Percent F.S. As Applied Calibration Intrrval, yr
kW transducer kwPro 0.50% 1% 1 !
Amp/volt multimeter MultiPro 2% 5% 2
Pressure PressurePro 0.25% +/—1 psig 1
Dew point DewPro +/-2°F
Temperature TempPro +/—-2°F 1
Flow FlowPro 1% 10% 1
Data logger DataPro 0.20% 0.50% 2

GENERAL NOTE: F.S. = full scale
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7.2.6 DataAnalysis. The methodology and results
from the data analysis shall be documented, including
estimated energy savings. Additional analysis may
address other energy and nonenergy benefits such
as improving resource utilization, reducing per-unit
production cost, and improving environmental per-
formance, and may include a range of implementa-
tion costs, which can be mutually agreed upon. The
assessment should include the minimum identified

improvements. Addltlonal calculations may address
other energy and nonenergy benefits. The analysis
shall state uncertainty, including coverage interval
and conffjdence level of any cost estimate that may be
variable.

Data quality analysis should be considered in busi-
ness decfsions. Assessment activities strive to provide
comprehensive, high-quality data. “No test data should
be reportped or used without knowledge of its quality, its
measurement uncertainty. Violating this precept causes
undue rigk of incorrect business decisions.” [7]

The dqta analysis report should also include the fol-
lowing irfformation:

(a) Software programs that were used to evaluate
data, mofel systems, and create reports or recommen-
dations [AIRMaster*, MotorMaster, dynamic mod-
eling software, proprietary software, etc.) should be
identifiedl. Calculation methods of publically available
software[such as AIRMaster™ are known. Proprietary
software| privately developed spreadsheet calcula-
tions, or| manual calculations applied to assessment
data shopild be documented with a brief statemerit. of
methods|applied.

A description of dedicated storage calculation meth-
ods should be provided.

EXAMPLH: Recommended compressed aif energy storage is
calculated| using the present system storage volume and the
measured [rate of pressure decay during the system drawdown
event assofiated with operation of the XYZ process. These data
define the|system’s present supply deficit during normal pro-
duction operations. That deficitis’ the basis for calculation of
the recomnended storage yolume and operating pressure dif-
ferential f¢r dedicated sterage to support the XYZ process. The
recommenjded refill flow rate is designed to support the aver-
age air denand of thle hormal production cycle using a fixed Cv
refill contrpl.

(b) Ndnstandard formulas and calculations should
be listed

where applir‘thp Far instance where formu-

7.2.6.1 Sample Statement of Methodology. A
statement of the methodology may be as simple as the
following example:

(1) This system assessment for XYZ Company was
prepared using ABC System Analysis Software and data-
logging equipment. This software uses the principles and
equations as adopted for compressor load profiles from
the CAGI standard performance curves and manufactur-
er’s CAGI data sheets. The data—loggmg tools were used to
than
322,552 data points. The evaluation started at midfiight on
11/15/2004 and ended at midnight on 11/21/2004 |for a
total data-logging period of 7 days. During rheetings| with
plant personnel, this period was established)as typical and
representative for their annual operation:

(b) The site conditions are based\on NOAA star{dard
site conditions for this area.

(c) Annual operating hours\are the reported s
uled hours as provided by plant personnel.

(d) The energy rate iffermation is based on infdrma-
tion gathered from ugility bills.

(e) All equipment ratings are obtained from a
bination of site¢gathered nameplate data and publ
manufacturer’s data.

(f) Economic payback and system imp
ment options were analyzed and evaluated usin,
AIRMdster™ software program.

hed-

com-

shed

Fove-
> the

7.2.6.2 Reporting Assessment Findings.
can be classified as
(a) positive findings, which provide informatiory
tributing to proof of the operation theory
(b) pertinent negative findings, which provide infor-
mation to disprove or rule out the operation theory
(c) unremarkable findings, which provide no
able information, positive or negative
Unremarkable findings should not be included ip the
report. However, pertinent negative findings shdll be
reported.

Findlings

con-

valu-

7.2.6.2.1 Example of a Positive Finding. A dual-
spindle honing machine finishes the wrist pin bofe on
a high-volume production line for automotive-pfiston
machining. The symptom of operation is a high rdte of
reject scrap parts due to unacceptable wrist pin borg tol-
erance and surface finish.
The bore tolerance control is accomplished wijith a

las are used to create indirect or inferred measurements,
the formula or calculation methodology should be dis-
cussed or listed.

(c) Assumptions and other pertinent information,
such as manufacturer’s data/ratings, ambient condi-
tions, energy costs, etc., should be provided.

NOTE: This information may be provided in the body of the report
(where appropriate and as part of the explanation of the facts of
the report) or may be presented in an appendix or supplemental
table.
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precision compressed air regulator supplying an air/oil
hydraulic intensifier with a 4:1 ratio. A hydraulic cylin-
der actuates a linkage that applies force to the radial seg-
ments of the hone tool.

Troubleshooting has developed two theories of operation
that may result in a seemingly random failure to maintain
proper tolerance and surface finish of the wrist pin bore.

(1) Mechanical vibration in the machine spindles
causes forces on the tool that the bore tolerance control
cannot compensate for.
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Fig. 11 Dynamic Pressure Trend
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Legend:
= Air head 1
Air head 2
= Air supply
GENERAL NOTES:

(b)] Operation of the compressed air supply; precision
contfol, and hydraulic intensifier is inconsistent and
does|not apply proper force to the hone, tool.

A Jpressure trend measured at @p0-Hz sample rate

(see Fig. 11) shows that as the air supply pressure (rep-
reserjted by the black line in Fig. 11) decreases from
85 pgig to 80 psig, the controlled air pressure on head 2
(the light gray line) remainis stable while the controlled
air pressure on headA (the dark gray line) increases from
43 pgig to over 4¢psig. The pressure increase is ampli-
fied # times by.the’hydraulic intensifier, and the result
is an out-of:felerance part from head 1 and a properly
ined part from head 2.
Thiisds a-positive finding for an inappropriate response
of the—eontrolled pressure—whichprovidesinformation
that there is a correlation between pneumatic perform-
ance and rejected parts.

7.2.6.2.2 Example of a Pertinent Negative
Finding. The wrapping machine shown in Fig. 12 sur-
rounds a carton with plastic heat-shrink film. A pneu-
matically operated cutoff knife heat-seals and cuts the
plastic wrap. Periodically the machine malfunctions,
resulting in incomplete sealing of the wrap along the
entire knife edge. Dynamic data logging for the point-

() Air system assessment was taken from May 20, 1997-through May 23, 1997.
(b) Bore tolerance control (line 8); data at 50 Hz; sampleate chart 2.
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of-use pressure profile recorded the characteridtic signa-
ture of pressure performance, as shown in Fig.[13.

Dynamic pressure data was taken while the machine
was functioning properly and while it malfuhctioned.
The machine wraps product at a rate of 1 cgse every
1.6 sec. Pressure measurements were taken at|a sample
rate of 1 KHz with data averaging, to 25-Hz data inter-
val. Pressure transducers used had a range of |0 psig to
200 psig, and were accurate to +0.15% with [response
time (10% to 90%) of 1 msec or less.

Operation of the machine was observed ffor 1 hr.
During this time, there were periods when thg machine
performed well and times when it malfunctiofed. Data
for the dynamic pressure profile are illustrated n Fig. 13.

igure13-chows pairs—o acing-The sup-
ply pressures (TP17) are the highest pressure, manifold
pressures (TP18) are the center, and the end-use pres-
sures (TP19) are the lowest. The lighter gray lines plot the
data gathered when the machine functioned correctly,
and the darker black lines plot the data from when the
machine was observed to be malfunctioning.

These data represent a pertinent negative finding. The
similarity of signatures in these data suggests that the
malfunction observed is not related to compressed air
performance. This dynamic analysis for the point-of-use
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Fig. 12 Wrapper Machine and Test Pressure Locations TP17, TP18, and TP19

Fig. 13 Wrapper Dynamic Pressure Profile Signg{(e 25-Hz Data Interval)
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=== Correct function
== |ncorrect function
GENERAL NOTES:
(@) Plant air system assessment.
(b) Wrapper; comparison correct and incorrect function; dynamic pressure performance (25-Hz data interval)
(c) Supply pressures (TP 17) are the highest pressure.
(d) Manifold pressures (TP 18) appear in the center.
(e) End-use pressures (TP 19) are the lowest pressure.

36


https://asmenormdoc.com/api2/?name=ASME EA-4G 2010.pdf

ASME EA-4G-2010

pressure profile tends to rule out compressed air pres-
sure variation as a root-cause factor in the malfunction
of the wrapping machine.

7.2.7 Annual Energy Use Baseline. There is no addi-
tional guidance for this clause.

done to improve their system, as well as provide a rela-
tive ordering of the items. It may also provide some indi-
cation of economic justification and costs as appropriate
to help the plant personnel better understand the need for
improvements and their overall value. A simple example
of an action plan with ordered action items and their rela-
tive costs and benefits is detailed in para. 7.2.8.4.1.

bressor 2

7.2.8 Performance  Improvement  Opportunities
Identified and Prioritization 7.2.8.4.1 Example Action Plan
(@) Correct maintenance issues with Com
.2.8.1 Energy/Performance Opportunities. The (RS-100 100 HP compressor). Controls not(tepponding

report should list all potential energy savings. Start at
the end uses of the system and work back up the energy

issions reductions, lower maintenance costs, and
ct quality improvements that are an outcome of
recommendations.

1.2.8.3 Key Findings. When performing root-
caus¢ analysis, it is common practice to think about pos-
sible| problems that contribute to performance issues.
Wheh evaluating operating theories related to systent
perfgrmance, is it helpful to ask yourself the following
quesfions:

(a)] What do I think?

(b)) What do I know?

(c)] What can I prove?

The plan of action often includes.@bservation, data
logging, and dynamic analysis of Specific aspects of sys-
tem performance. These data can.serve to prove or dis-
provg various theories of operation.

1.2.8.4 Recommendations for Implementation
Activities. The report shall show how to implement
the identified energy-saving opportunities. Report on
strategies to execute improvements. Prioritize the list.
Priofitizing §s the process of deciding which actions will
have| thezntost significant impact, which are the most
impqrtant, and which are the most feasible.

to demand — plant pressure drops andcause
tion issues.

(b) Reduce nonproductive demafidy Currenf nonpro-
duction demand of 385 cfm in a plant that ayerages a
production-based demand of approximately 450 cfm is
unacceptably high (85%).

b produc-

NOTE: Nonproductive derftand is primarily composed of overall
leak rate and unused mandfacturing equipment with open orifices
that bleed air or kegp ionoperational devices idling fin standby
mode. High nonproductive demand in facilities of this|type is not
uncommon as & high percentage of end-use equipmeft is of the
constant-bleed“and blow-off variety.

leaks and
required

(c) Perform aninternalleak audit toidentify
fix assmany leaks as possible, and then verify
compressor load to meet new leak demand.

NOTE: This may be performed in-house or by an outsifle contrac-
tor with ultrasonic leak detection.

(d) Implement and install a compressed ajr supply
shutoff program for all end-use equipment yith con-
stant bleeds or idling devices.

NOTE: This may be as simple as installing/identifying the man-
ual shutoff valves on the compressed air supply conneftion to the
machine along with training the operators to close the yalve when
the machine is not in use or is shut down. Or, this may|be as com-
plex as installing automatically actuated, timed solerfoid valves
interlocked with the machinery to shut off the air to tlie machine
automatically when it is not required.

(e) Install air-free drains on all main condepsate col-
lection points in the compressor room — apprximately
12 points in existing system and 8 points in new system
(compressor separators, dryers, compressor ro¢m filters,
and tanks). Air-free drains will help reduce compressed
air waste but will also more effectively drain wiater from
the system. See action plan item 3 for further pomment

Set a high priority on the options that offer the great-
est potential savings. Preparing metrics such as return
on investment and payback period can determine which
items to pursue first and help convince management
that they are worthwhile investments.

The overall result of any assessment is ultimately an
action plan or basically a “to do” list for plant personnel.
This action plan needs to provide enough detail for the
plant personnel to clearly understand what needs to be
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and analysis.

(f) Install new compressed air treatment system
to eliminate compressed air contamination problems
throughout the facility. See compressor room schematic
and item 4 below for proposed new layout.

NOTE: From information provided by plant personnel, estimated
maintenance and production-downtime issues attributable to poor air
quality (water and oil contamination) are at least $5,000. See attached
supplemental information and economic analysis for details.
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Table9 Example Operational Summary

Final Plant Operational Summary

Measured Parameter

Current System

Proposed System

Production flow range
Production pressure range

Tatalannual cost

375 cfmto 535 cfm
80 psig to 105 psig

$55 000t0 $57 000

225 cfm to 460 cfm
90 psig to 95 psig

$35 000 to $40 000

(¢) Ingtall new, dry 3,000-gal compressed air stor-
age system and 1,000-cfm flow control to stabilize pres-
sure and|reduce peak demands and resultant pressure
fluctuatigns.

NOTE: Thq piping in the plant compressed air room is unnecessar-
ily complek and problematic. Compressed air leaves the room and
feeds into fhe plant from at least six different lines. See compres-
sor room sfhematic and economic analysis for layout and detailed
payback arjalysis. Table 9 summarizes operational and cost param-
eters for the current versus the proposed system.

7.2.9 Recommendations for Implementation Activities.
ASME EA-4 recognizes that cost estimates are a component
of the degision process that leads to recommendations for
implementation activities. These estimates are described
as an optjonal activity and are intended to be screening or
feasibility| estimates. This level of project estimate is further
described as a Class 5 estimate [8] with effort index of 1, the
lowest prpparation effort.

7.2.10|Appendices. An appendix is for added or
appendefl material that may be relevant to your report
but that fannot be placed comfortably ift\the body of
the repott. Use it for supplementary/material that, if
included|in the body of the text, would interrupt the
flow. For|example, a lengthy derjvation of an equation
or many|days of raw data would be included in the
appendix. A bulky folded niap or drawing should also
be put infan appendix, as'should commercial material,
such as [product speeifications or engineering docu-
ments. Refer to the'appendix at the relevant point in
the text.

7.3 DTa forThird Party Review

Certain parts of this data will clearly be includ¢d as
part of the report (compressor ratings, calctlations,|etc.),
but actual volumes of logged readings’typically cgnnot
be included. On the other handythis hard-logged|data
can often be conveniently intluded electronically on
appropriate media (CD, DVD); or portable drive) for
future review.

7.4 Review of Final)Report by Assessment Team
Members

There is noladditional guidance for this clause.
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NONMANDATORY APPENDIX A
EXPANDED GLOSSARY

A-1 DEFINITIONS

energy efficiency measure (EEM): a specific change to a

accutacy, measurement (accuracy of measurement): the
closgness of agreement between the measured value of
a pagameter and a true value of the parameter (see also
unceftainty in section 2 of ASME EA-4).

NOTH
small

: A measurement is said to be more accurate when it offers a
T measurement error.

accutacy, transducer (accuracy of a transducer): the ratio of
the efror to the full-scale output or the ratio of the error
to the output, as specified, expressed in percent. (Source:
ISA $31.1-1975 R1982)

NOTES:

(1] Accuracy may be expressed in terms of units of the meas-
ured parameter, or as a percentage of full-scale output.

(2] Use of the term “accuracy” should be limited to general-
ized descriptions of characteristics. It should not be used in speci-
ficatigns. The term “error” is preferred in specifications and other
speciffic descriptions of transducer performance.

actiof item outcome: system information obtained through
implpmentation of action items.

causql analysis: a systematic method for identifying spe-
cific problem areas in work products, prgject progress,
and processes; determining the causes of ptoblem areas;
and ¢leveloping and implementing soltitions to prevent
the groblem areas from occurring in the future. (Source:
INCOQSE Systems Engineering Medsurement Primer)

chardcterize: to gain an understanding of processes,
prodjucts, or both, and¢estdblish baselines for future
assegdsment.

confilence level (copeiige probability): the quantification of
confidence (probability) that the true value of a param-
eter §s withirfa specified coverage interval.

cove
data:

e probnbility: see confidence level.

raw facts without context.

compressed air system that results in imprgved effi-
ciency as well as other system benefits_(for fexample,
increased equipment life and reliability).

energy management project: course of detion, with a defi-
nite beginning and end, used by’the organigzation to
achieve energy goals and targets.

energy profile: regularly updated overview of the organi-
zation’s energy status thatServes as a means tp connect
an organization’s enefgy use to its primary|business
output.

energy systemy, any logical equipment grouping that
uses and /oty produces primary or secondary energy
resources,

errot (measurement error): the difference betyveen the
measured value of a parameter and a true value of the
parameter.

estimate: the result of estimation.

estimation (estimating): the process of determjning the
value of a parameter through the use of stipulat¢d values,
assumptions, observation, calculation, and judgment.

goal: ends toward which effort is directed to adhieve the
energy policy.

information: one or more meaningful conclusion(s) result-
ing from action items, or significant questiong used to
organize additional assessment activities.

knowledge: a degree of understanding a subject from
application of measurement, insight, and expetience.

measured value: the result obtained by making a direct
measurement.

MMscf: million standard cubic feet. A meapurement
of compressed air used to express total air nass. It is
frequently applied over a specified time pefiod. For
example, 2 scfm (standard cubic feet per minute) deliv-

direct measurement: a method to determine the value of
a measured parameter that is done with an instrument
designed for such a task.

ECM: see energy conservation measure.
EEM: see energy efficiency measure.

energy conservation measure (ECM): an activity or set of
activities designed to increase the energy efficiency of a
facility, system, or piece of equipment. ECMs may also
conserve energy without changing efficiency.
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ered for 1 yr would result in 1,051,200 sct (standard
cubic feet) of air delivered, expressed as 1.05 MMscf or
(1.05 MMscf/yr). (See also ASME EA-4 Nonmandatory
Appendix A, Units of Measure for Compressed Air
System Assessment).

observe: a careful, methodical, deliberate act of an
observer to examine a subject using cognitive analysis,
empirical factual knowledge, and sensory processes.

parameter: a physical quantity, property, or condition
having a value that can be expressed as a number with
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corresponding unit of measure. For example, in the
expression 100 psig, the value is 100 and the unit of
measure is pound-force per square inch gauge.

parameter, true value: see true value of a parameter.

primary energy resource: raw resources that enter the facil-
ity from an energy supplier.

NOTE: Primary energy resources may include electricity, natural
gas, petroleum products, solid fuels, and water.

NOTE: Secondary energy resources may include steam, com-
pressed air, chilled water, and hot water.

sensing element: the part of a transducer that responds
directly to the physical property to be measured.

significant enerqy uses: primary or support equipment,
processes, applications, or activities identified by the
energy profile as a significant component of an organi-
zation’s energy cost or consumption or both.

qualitativg analysis: the evaluation of parameters to deter-
mine relgvance without measuring them precisely.

quantitatipe analysis: the measurement and evaluation
of paranjeters to express their behavior in numerical
terms.

remedial easure: a specific change, or one of a group of
multiple fhanges, to a compressed air system that results
in improyed performance, reliability, efficiency, or other
system bpnefits. Changes may affect the facility, equip-
ment, software, training of personnel, maintenance, or
any other aspect of compressed air system design or
operation).

research: p discovery process of information gathering
and validation through discussion and reference to exist-
ing docyimentation. [Source: http://www.reference.
com/browse/wiki/Root_cause (accessed: February 22,
2008)].

secondary| energy resource: converted form of primary
energy rgsource.

NOTE: Significance criteria is determined by the organizatiop.

stipulated wvalue: the value of a parameter based on

assumption, reference to literature, calculation, etc

system: functional group of energytusing induptrial
equipment organized to perform a spécific function.

systems approach: a method for,managing and correting
system issues that focuses onitotal system perfornjance
rather than individual compenent efficiency.

target: a measurable performance requirement to He set
and met to achieve part or all of a goal.

transducer: a deviee that provides a usable outppt in
response to meéasurement of a physical parametes. For
example, a\pressure transducer measures pressur¢ and
outputs ‘an’'electrical signal such as voltage or cufrrent
propeftional to the measured pressure.

true value of a parameter: the unique true value of a param-
eter’s physical property.
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