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Foreword

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

elect

rotechnical standardization.
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Introduction

This International Standard has been developed with reference to available documentationl) (see
Bibliography) relating to energy assessment of compressed air systems.

This International Standard is produced to support the objectives of energy management for those
organisations utilizing compressed air and wishing to improve the energy efficiency of such systems.
Remembering the words of Lord Kelvin who said in 1883, “If you cannot measure it, you cannot
improve it”, this International Standard aims to assist with measurement and provide the knowledge
to enable improvement.

The prime

onsideration for any compressed air system is the ability to generate air with the [least

amount of gnergy. Having done this, the next consideration is to transmit energy from the point of
generationmtlo the point of use with the least loss. The final consideration is to eliminate waste angl use

the leasta

ount of air for the production process.

This International Standard uses speciality terms which relate the needs of assessment activities to
those of conjpressed air systems. Many terms will appear new to the users of this International Standard

who are fan

A general infroduction to energy assessment is given in Annex A.

iliar with general compressed air terms.

1) Extracts from ASME EA-4-2010 were used with permission from ASME. The core elements used are from Scope
and Introduction, Organizing the Assessment, Analysis of Data From the Assessment, Reporting and Documentation,
and Mandatory Appendices — I, Preliminary Data Collection Matrix.

Vi
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Compressed air — Energy efficiency — Assessment

WARNING — Users of this International Standard are advised that energy-related judgements
should not compromise safety issues.

1 Scope

This [nternational Standard sets requirements for conducting and reporting the results of.ajcompressed

air system assessment (hereafter referenced as an “assessment”) that considers the entire-gystem, from

energy inputs to the work performed as the result of these inputs.

This|International Standard considers compressed air systems as three functional subsyst¢ms:

— upply which includes the conversion of primary energy resource to compressed air energy;

— {ransmission which includes movement of compressed air energy-from where it is generated to
here it is used;

— demand which includes the total of all compressed air consumers, including productive end-use
dpplications and various forms of compressed air waste.

This|International Standard sets requirements for

— analysing the data from the assessment,

— 71eporting and documentation of assessmentfindings, and

— identification of an estimate of energy saving resulting from the assessment process.

This| International Standard identifies’the roles and responsibilities of those involved in the

assegsment activity.

This|International Standard prdvides indicative information in Annexes B, C, D, and E off the type of

data|to be collected to assist iwa successful assessment. The information provided is not exhaustive

and therefore is not intended o restrict the inclusion of other data. The form and presenfation of the

inforjmation given in thejahnexes is also not intended to restrict the manner of presentation of the

reporting to the client.

2 Normative references

The followinig documents, in whole or in part, are normatively referenced in this docunjent and are

indigpensable for its application. For dated references, only the edition cited applies. For undated

referlences; the latest edition of the referenced document fincluding any amendments) apples.

[SO 1217, Displacement compressors — Acceptance tests

[SO 5598, Fluid power systems and components — Vocabulary

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1217 and ISO 5598 and the
following apply.

© IS0 2013 - All rights reserved
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al

air treatment

any process

3.1.2

provided for the purpose of separation and purification of the compressed air

artificial demand
excess air consumed by a system’s unregulated or poorly regulated uses due to operating at a pressure

in excess of

3.1.3
assessment
authority to

3.1.4
baseline
set of typicg
and used fq

actual requirements

team
fulfil roles and responsibility of the assessment having appropriate functions and know]

| operating period, work conditions, and performance parameters revealed by assess
r comparison of efficiency of measures recommended as a result\of energy effic

edge

ment
ency

assessment procedures

3.1.5

compressed air point of use

componentq using the pneumatic energy for physical or chemical actigns

3.1.6

compressed air systems

group of subsystems comprising integrated sets of components, including air compressors, treatment

equipment, | controls, piping, pneumatic tools, pneumatically powered machinery, and process

applicationg utilizing compressed air

3.1.7

compressed air system assessment

activity whilch considers all components and functions, from energy inputs (SUPPLY SIDE) to the work

performed (DEMAND SIDE) as the result of these inputs; undertaken to observe, measure, and document

energy reduction and performance improvement opportunities in a compressed air system

3.1.8

data logging

measurement of physical parameters while tabulating a periodic log (record) of their numerical yalue

using time-3gligned data frames for the plurality of recorded parameters

Note 1 to entfy: Two typesof data logging are:

a) dynamids: datalogging while creating a sufficiently high frequency periodic log (record) so as to investigate
the timefbased variation of measured physical parameters

b) trending—datatoggingduringamrextendedduratiomrof timeforthepurposeof investigating regutatities,
irregularities, or both in the measured physical parameters throughout time

3.19

demand

total of all compressed air consumers, including productive end-use applications and various forms of

compressed air waste

3.1.10

drawdown

circumstance observed in a compressed air system that is characterized by continual pressure decay
arising from a compressed air system event whereby air demand exceeds the capacity of supply

© ISO 2013 - All rights reserved
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3.1.11
operating period
group of typical time periods that share similar compressed air energy and compressed air demand profiles

Note 1 to entry: See 3.1.15.

3.1.12

spot check measurement

measurement of physical parameters creating a log (record) of their numerical value that is carried out
at random time intervals or limited to a few instances

3.1.13

supply
convgrsion of primary energy resource to compressed air energy

3.1.14
transmission
mové¢ment of compressed air energy from where it is generated to where it is used

3.1.15
typi¢al operating period
time|period that represents a period of typical plant operation

3.2 | Flow

3.2.1
dempand flow rate
total|airflow rate of demand-side consumption

Note[1 to entry: Demand-side consumption includes productive consumers, inappropriate usgge, artificial
demgnd, and demand-side waste. This takes into-account supply flow plus or minus the compressed air supplied
to syftem demand from secondary storage as system pressure decreases. This can also account fqr the airflow
entering secondary storage as system press{re increases.

3.2.7
flow|dynamic application
end yse wherein the peak airflow rate and minimum pressure occur simultaneously

3.2.3
flow|static application
end [uses characterized when peak airflow rate and minimum pressure required d¢ not occur
simulltaneously

3.2.

gendrationflow rate
airflpw-tate of compressed air generated by the air compressor(s) before any air treatmenlt equipment
air upeZand supply-side waste er

3.2.5
peak airflow
maximum value of the airflow during the daily or other periodic operating cycle

3.2.6

storage flow rate

airflow rate entering the storage volume as pressure increases or the airflow rate exiting the storage
volume as pressure decreases

Note 1 to entry: The airflow can be either entering or exiting the system or the primary or secondary storage.

© IS0 2013 - All rights reserved 3
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supply flow rate
net airflow rate leaving the supply side of the system

3.3 Pressure

3.3.1

compressor inlet pressure
pressure of the aspirated air at the standard inlet point of the compressor which varies with compressor
design and type

Note 1 to entt
for packaged

3.3.2
drawdown
total pressu

3.3.3
pressure lg

reduction in compressed air pressure resulting from the interaction of-airflow through the

resistance a
Note 1 to ent

3.34
pressure si
pressure pr

3.3.5
minimum §
lowest poss

3.3.6 Opers

3.3.6.1
user operat
prescribed 4
its specifica

3.3.6.2
system ope
air pressure

3.3.7
pressure g

y: The pressure is at the inlet flange for bare compressors or ambient air entry point into the pa
COompressors.

pressure
e decay in compressed air system pressure that occurs during a particular'drawdown ¢

SS

ssociated with a component of the air system

ry: See 3.3.8.

gnature
pfile of a repeated event that is correlated with,a'specific end-use or production activit]

ystem pressure
ble air pressure a system can reach before adversely affecting the process

ting pressure

ing pressure
lir pressure at the inlet point of the particular compressed air user equipment accordi
fions

rating pressure
at the entyy point into the network of the compressed air users

radient

rkage

rvent

fixed

y

ng to

o 1+l
cart T Cr

rate of pressure-ehange

£lo o B o A3 P
vt rospetrtoarstantceTrorc

Note 1 to entry: In fluid mechanics, the change in pressure, P, along the length and distance, d, of a fluid conduit.

[tis represen

ted by AP/Ad.

Note 2 to entry: The air velocity in a pipeline depends on the magnitude of the gradient and resistance of the pipeline.

Note 3 to entry: Without gradient, there is no airflow. In a compressed air system, air moves from high-pressure
toward low-pressure areas.

3.3.8 Pressure profile

© ISO 2013 - All rights reserved
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3.3.8.1

cyclic pressure profile

timely function of the compressed air pressure variations in daily or other periodical operation cycles
at a particular point of the compressed air system caused by combination of different air consumption
cycles of several end users

3.3.8.2

distance pressure profile

function of pressure degradation along the compressed air transmission and distribution system at a
certain typical period of operation cycle caused by pressure loss in its components

Note

o—et ajnch pressure
take-pffs, etc.

3.3.9 Pressure differential

3.391

available pressure differential
compressed air pressure difference between the inlet and outlet of a cdmponent, which represents a
varigble resistance to airflow

Note |l to entry: The available compressed air energy represented by the upstream volume and grefter pressure
that i available to the system.

Note 2 to entry: See 3.3.3.

3.3.9.2

storage pressure differential
diffefence between pressure in a storage volumetand the desired target pressure of thg connected
systgm or sector

3.3.10
target pressure
compressed air pressure that is desirédto be consistently supplied to a compressed air system or sector
of a Jompressed air system at a specific point

EXAMPLE A specific point rhay include the main header downstream of supply, air treatmerjt equipment,
upstream of a system control valye, downstream of a system control valve, etc.

Note [l to entry: See 3.3.5,

3.4 | Storage

3.4.1
primary storage
com;l)ressed air storage system thatis located on the generation side (supply) of a compresseld air system

3.4.2

secondary storage

auxiliary storage vessel installed close to the end-user equipment by heavy intermittent air consumption
and use of long and small transmission lines with the purpose of elimination of overloading the main air
transmission line and excessive pressure losses

3.5 Volume

3.5.1

effective volume

internal volume of a single storage component or sector of a compressed air system reflecting its
capability to store compressed air energy

© IS0 2013 - All rights reserved 5
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3.5.2

geometrical volume

mechanical volume

calculated by addingall of the geometric volumes in the system based on the observed sizes of those volumes

3.5.3

system volume

internal volume of the compressed air system reflecting its capability to store compressed air energy
and to suppress air pressure pulsations

d ihalits
4 Roles and-responsibilities

4.1 Identification of assessment team members

The functiofis and knowledge required to accomplish an assessment are listed in 4.1.1-.The assessment
team shall have members that have responsibility and authority to carry out these functions.

4.1.1 Reqpired functions and personnel

4.1.1.1 Resource allocation

a) Determjne availability of on-site, as well as other off-site participants.

b) Allocatipon of funding and resources necessary to plan and execute the assessment.
c) Exercis¢ final decision-making authority on resources,

d) Oversed participation of outside personnel, ineliding items such as contracts, schedyling,
confidentiality agreements, statement of work, and/or other items.

4.1.1.2 Coordination, logistics, and communications

a) Obtain phecessary support from plant'personnel and other individuals and organizations dyiring
the assdssment.

b) Particigate in organizing the assessment team and coordinate access to relevant personnel, systems,
and equipment.

c) OrganiZe and schedule-aSsessment activities.

4.1.1.3 Campressed air systems knowledge

a) Have bgckground, experience, and recognized abilities to perform the assessment activities,|data
analysig, and report preparation.

b) Be familiar with operating and maintenance practices for compressed air systems.

c) Have experience applying the systems approach in assessments.

4.1.1.4 Competency

Assessment personnel shall have the knowledge and skills necessary to perform assessments. Those
personnel can also require formal documentation in order to meet some national requirements.

Intheabsence of national requirements, thoseleading the assessmentshall provide evidence of familiarity
with and understanding of, compressed air technology basics through recognized qualifications, as well
as arelevant period of experience in assessment activities. See Annex F for further information.

Information on other assessment team members is identified in 4.6.

6 © IS0 2013 - All rights reserved
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4.2 Site management support

Site management support is essential for the successful outcome of the assessment. Site management
understanding and support of the purpose of the assessment shall be secured. The site personnel shall
be engaged in the assessment to the extent necessary. The support of site management shall be gained
prior to conducting the assessment as follows:

a) Commit the necessary funding, personnel, and resources to support the assessment.

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

4.3 rCormmurications

Line$ of communication required for the assessment shall be established. Clear-guidance shall be
provfded to facilitate communications among members of the assessment team'so al]l necessary
information and data can be communicated in a timely manner. This includes administratjve data and
logistics information, as well as operational and maintenance data.

4.4 | Access to equipment, resources, and information

For the performance of a complete and comprehensive assessment of & facility’s compressed air system,
it is [necessary to physically inspect and make selected measurements on the system ¢omponents.
Thergfore, access shall be required to

a) plantareas and compressed air system components required to conduct the assessmert,

b) plant personnel (engineering, operations, mainteénance, etc.), their equipment vendors, contractors,
nd others to collect information pertinent and, useful to the assessment activities andl analysis of
ata used for the preparation of the report;dnd

c) ther information sources such as drawings, manuals, test reports, historical utility bill information,
¢omputer monitoring and control ;data, electrical equipment panels, and calibration records
necessary to conduct the assessment.

4.5 | Assessment objectivessand scope

The ¢verall goals and scope ofthe assessment shall be discussed and agreed upon at an early|stage by the
assegsment team. The overall objectives of the assessment shall include identification of performance
imprjovement opportudities in the compressed air system being assessed using a systems agproach. The
scope of the assessment shall define the area(s) of the facility to be assessed.

4.6 | Identification of other assessment team members

The assessment considers the entire system from energy inputs to the work performed ajs a result of
thos¢ ifiputs. As aresult offac111ty spec1ahsts interviews, certain manufacturmg equlpment DI processes
that trse COTITpPT ESSEU AT TIray betdentifiedfor detaited bLuuy Tequiring the participatiomro findividuals
with specialized knowledge related to these applications.

4.7 Objective check

Prior to conducting the assessment, the plan of action shall be reviewed to establish that it meets
the stated assessment objectives. The assessment plan of action shall be reviewed for relevance, cost
effectiveness, and capacity to produce the desired results.

© IS0 2013 - All rights reserved 7
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5 Assessment methodology

5.1 General

Assessments involve collecting and analysing system design, operation, energy inputs, energy use,
and performance data and identifying energy performance improvement opportunities for system
optimization. An assessment can also include additional information, such as recommendations for
improving resource utilization, reducing per unit production cost, reducinglifecycle costs, and improving

environmen

tal performance related to the assessed system(s).

The methodologies to be applied in performing the assessment shall include one or more o

f the

following te

a) observg
b) spot-ch
c) datalog
5.2 Syste

This Internd
assessment.

a) Underst
b) Correct
c)

d) Create
e) Optimiz
Application

system perf]

NOTE Sy
development
the entire sys

chniques:
tion and research;
bck measurements;

ging, including dynamics and trend.

ms engineering methods

tional Standard utilizes systems engineering methods applied to a compressed air sy
[tis necessary to:

and compressed air point of use as it supports critical'plant production functions.

existing poor performing applications and thosethat upset system operation.

Eliminafte wasteful practices, leaks, artificial demand;'and inappropriate use.

nd maintain an energy balance betweensupply and demand.
e compressed air energy storage and air compressor control.

pf a systems approach to a compressed air system assessment directs the focus toward
brmance rather than individual component efficiency.

stems engineering focusés pn defining client needs and required system functionality early

cycle, documenting systéem requirements, and then proceeding with system design while consid
tem.

Ins engineering process
engineéring process is described in 10 steps:

whatneeds to be accomplished.

stem

total

n the
ering

5.3 Syste
The systemj
a) Identify
b) Identif
c)
d) Definet
e)
f)
g) Testthe
h)
i)
8

witat Tieeds to be evatuated:

Get organized, identify the assessment team, and get plant background information.

he present system.

State site-specific system assessment goals.

Design the system assessment (what, how, when).

assessment’s design for relevance, completeness, and cost effectiveness.

Do the assessment and gather facts and data.

Analyse the facts and data to develop solutions and estimate cost and savings.
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j)  Report and document recommendations and findings.

NOTE1 Compressed air systems engineering is an iterative process including requirements definition, the
assessment process, and evaluation of outcomes and results. It is a fluid process whereby outcomes and results
can achieve defined goals or can result in new or revised requirements definition.

NOTE 2  There are many compressed air system integration factors where decisions related to one component

or subsystem impact other components or subsystems. Concept alternatives should be proposed and analysed
before final conclusions are reached.

5.4 System assessment process

5.4.1 General
The assessment should document issues and concerns about compressed air usg, critical production
functions, and poor compressed air system performance. The assessment should.identify gnd quantify
energy waste, compressed air supply-and-demand balance, energy use, and’ total compressed air
demand. These generalizations should be used to guide the selection of objectives and action items for
preliminary data collection.
5.4.1 Relationships in the system assessment process
The yelationships of those involved in the assessment and the assessment process are show1j in Figure 1.
Start
Planning
e Objectives of the
assessment
‘ Assessment team e Scope of the assessment
4 e Assessment criteria
45
A T l
Assessment plan
> 5.2and 5.3
Provision of access Information gathering
and information ’ and evaluation
> 4.4 6 and 7
A
Analysis
8
Reporting
including - baseline and savings
9

Figure 1 — Process for conducting an energy assessment of a compressed air system
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6 Parameters and their determination

6.1 General

Pressure, flow rate, and power are the key parameters required to provide essential details for the
determination of the energy balance in the compressed air system under review. In addition, each of
these parameters is affected by the installed control system.

6.2 Meas

urement

6.2.1 Unit

The preferr
due to comn
The use of u
in the asses

S

bd measurement units used when applying this International Standard shall bg,S) un
hon use or understanding imperial units are applied, then the SI units shouldralso be g
hits shall be agreed upon when establishing the parameters of the assessmentand ident
tment report.

6.2.2 Accuracy

Where nece
specified in
measureme
shall be recq

All instrumsd
most recent
be mentiond

The measur
assessment
6.3, 6.4, and

5sary to ensure valid results, measuring equipment shall be calibrated, verified, or bg
ervals or prior to use against measurement standards traceable to international or nat
ht standards; where no such standards exist, the basis 1ised for calibration or verific
rded.

ents used for measurement including those permamently installed shall have a record
calibration information of which the accuracy and calibration details for all devices s}
d in the report.

ement accuracy level for a particular parameter can vary depending on the sensitivity ¢

6.5.

6.2.3 Data interval

The data int
in a compre
order of ma

Dynamic ev
adynamice

NOTE If,
to be no great

erval is the time between recorded data required to capture the dynamic nature of an ¢
ssed air system. Where dynamic events are to be recorded, a data interval of at leas
pnitude less than the duration of the event being measured shall be applied.

bnts are, by nature, of short duration. Average air consumption during the day or shift i
vent.

for example, a dynamic event in the system has a duration of one second, the data interval would
er thanone tenth of a second or less, or 10 recorded data points per second, to characterize that ¢

ts. If
iven.
ified

th at
ional
htion

f the
ould

fthe

conclusions and recommendations to, the value of the particular parameter as identified in

rvent
[ one

S not

have
vent.

6.3 Pres

[

or

6.3.1 Pressure profile

A pressure profile is an important tool for assessing end-user requirements over time, allowing
identification of any pressure losses and helps identify potential improvements. Transient and dynamic
behaviour within the profile can also be analysed from the collected data.

6.3.2 Pressure test points

Pressure test points are identified in Table C.1, Table D.1, and Table E.1 and should be included in the
assessment. Not all points are valid for all systems and additional points can be required; therefore, the

actual point

10

s used shall be identified in the assessment plan.
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6.3.3 Pressure identity

Pressure is commonly considered in only one way and that is supply pressure. Other pressure variations
should also be considered.

The assessment of a functional system should take into consideration the following pressure variations:

a) minimum system pressure;

b) actual operating pressure;

c) targetpressure;

d) pressure gradient;

e) drawdown pressure;

f) ressure loss;

g) available pressure differential;
h) gtorage pressure differential;
i) ¢ompressor inlet pressure.
NOTH Pressure in a compressed air system is seen as a key driver for end-use applications.
6.4 | Flow rate

6.4.1 Flow rate profile

The

system flow rate profile is important, to properly support end-use requiremen

identification of any flow restrictions and“opportunities to improve system design. Tr
dynamic behaviour of the system can al$o'be analysed from collected data.

6.4.1 Flow rate test points

Flow]

assegsment. Not all pointsare valid for all systems and additional points can be required; t
points used shall be idefitified in the assessment plan.

6.4.3 Flow rate’identity

ts, allowing
ansient and

test points are identified”in Table C.1, Table D.1, and Table E.1 and should be incﬂluded in the

erefore, the

Flow| rate is<éommonly considered in only one way and that is generation flow rate. Othler flow rate
varidtions.should also be considered.

e variations:

The 4dssessment of a functional system should take into consideration the followingairflow rat

a)
b)
‘)
d)
e)
f)
g)

supply flow rate;

storage flow (system, primary, or secondary);
demand flow rate;

peak airflow;

flow dynamic;

flow static;

generated flow rate.

© IS0 2013 - All rights reserved
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NOTE Airflow rate in a compressed air system is seen as a key driver for maintaining optimum capacity for
end-use applications.

6.5 Power

6.5.1 Power profile

The power profileisimportantto properly supportthe energy requirements of the system by the effective
conversion to compressed air energy, allowing identification of any variations in energy transitions and
opportunities to improve system design. Transient and dynamic behaviour of the system can also be
analysed fram.collected data

Power consymed is the total orindividual power consumed by the compressor(s) and ancillary equiplLent.

6.5.2 Power test points

Electrical tgst points are identified in Table C.1, Table D.1, and Table E.1 and should be included ip the
assessment|Not all points are valid for all systems and additional points can be yequired; thereforg¢, the
points used|shall be identified in the assessment plan.

The test points for power should all be significant electrical inputs that contribute to either generption
or treatment of compressed air.

NOTE Inlmany applications, the significance of a factor is indicated by.its value being greater than 10 % pfthe
total value of|the given factor.

6.5.3 Power identity

6.5.3.1 Electricity

The assessnent of a functional system shall take\into consideration the following non-exhaustive listing
of electrical|inputs:

a) comprefsor (stand-alone);

b) comprepsor package;

c) compregsor control devices;

d) air treafment;

e) coolingsystem;

f) electricplly driven condensate systems.
The method used to determine power shall be identified. The assessment of a functional system |shall
also take inte-considerationrthoseitemsthatindirectly-impact theeffieteneyofacompressedairsystem

such as pumped cooling systems. Where open-circuit water coolant is identified, the volume of water
discharged to sewer shall be quantified and recorded.

NOTE Electricity is the prime energy source used in the conversion to compressed air. Electricity is also used
to power devices that either directly process the compressed air or indirectly process the unwanted by-products
of compressed air, e.g. heat.

6.5.3.2 Non-electric power sources

Where compressed air is generated or processed using other energy sources, then these should be taken
into consideration in respect of the energy balance.
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7 Initial data collection and evaluation

7.1

General

A process shall be identified for elements of assessment activity required to evaluate client needs and
system assessment requirements. The process should define assessment requirements using objectives
and action items including, but not limited to,

a) i

nitial data collection,

b) measurement of key system operating variables,

c) f
d) 1
e) i
f) 1
g) 1

acility specialist interviews,

eview of previous assessments, audits, baselines, or benchmarking (see Table B.7),
dentification of already client-approved/initiated system projects,

eview of utility bills and energy costs,

eview of control systems,

i)
7.2

Docy
mant

7.3

Desc|
systd

7.4

Defiy
equij

7.5

Base|
end-y

h) Ierformance-monitoring equipment, and

reliminary data evaluation.

Plant background

ment plant background information, including'a brief description of current productic
1facturing processes and products (see Annéx B).

Plant function

ribe the plant’s location, size, and ambient/environmental conditions and the conj
m’s functional attributes (see Annex B and Table D.2).

Compressed air systeim definition

le the plant’s compressed air system(s), including the scope of the system’s supply side, t
bment, and demdnd-side characteristics (see Annex B).

Inventory-of key end-use air demands

d on the information gathered during the investigation associated with 7.2, 7.3, and
1se’air demands to identify and prioritize opportunities for energy reduction (see Tabl

n levels and

pressed air

ransmission

7.4, tabulate
e E.3).

7.6

Heat recovery

Identify existing heating applications with the potential to use heat rejection from the compressor to
offset existing energy use, as well as the potential for augmenting heat requirements in processes.

Evaluate interaction with other systems, such as heating, ventilation, and air-conditioning (HVAC)
equipment performance and energy use. Investigate opportunities to improve performance and
reliability while reducing total energy use. Recommend specific remedial measures, and estimate
energy reduction and savings.

© ISO
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7.7 Baseline period and duration of data logging

7.7.1 Activity

The first step to be taken to establish a baseline is measurement. This requires the measurement of power,
pressure, flow, and temperature under different operating conditions and the estimation of leak load.

The baseline period should include “typical operation” of plant functions. Typical periods are
representative of the plant’s planned or unplanned changes in production. Changes can be seasonal, based
on the day of the week, market conditions, availability of raw materials, or other factors. Compressed air
system energy profiles exhibitboth time-dependentand production-dependent variations. Depending on

a particular|period’s production operation, the production-dependent portion of the plant’s comprsg
air energy bjaseline exhibits different characteristics.

NOTE T
of a compres
made to the s
the future md

bed air system and to correlate the results with the plant’s production levels. As improvemen
ystem from the record of expected improvements, it is possible to estimate the suceess by comp
asurements with the original baseline (see Table B.7).

7.7.2 Time periods

Time perioq
as different
periods of o
fraction of
period may
should not ¢

[s with similar compressed air energy profiles (“typical périods”) are grouped tog
“operating periods”. When considering the duration of baseline measurement, all ty
peration shall be measured. Some typical periods, such as holidays, can represent a §
he plant’s compressed air energy base-year operation;'Baseline performance for a tyj
be stipulated based on historical operating information. Stipulated baseline perform
xceed 10 % of the plant’s base-year energy use.

7.8 Energy use

Quantify an
and docums
cooling punj
Table B.5).

Using a basg
primary ene

7.9 Comy

Quantify an
and specific

7.10 Syste

1 document the power consumption of each air compressor included in the system. Qua
nt the power consumption of auxiliary supply-side equipment, air dryers, ventilation
ps, etc. Quantify and document ‘total energy use and cost of all supply-side equipment

line period as required-in-7.7, annualize estimated base-year energy use and cost. Re
rgy cost used to power air compressors.

ressed air system supply efficiency

d document the overall compressed air system supply efficiency, including specific p
energy @r'power and energy per unit of output.

Im.volume

ssed

e purpose of baselining or benchmarking is to establish performance levels and energy consumption

s are
aring

ether
pical
mall
pical
ance

ntify
fans,
(see

view

pwer

Estimate the total volume of the entire compressed air system. There are two methods to determine
system volume: mechanical volume and effective volume. The effective volume of the compressed
air system shall be determined by calculation. If testing to determine effective volume cannot be
accomplished, then an estimate of the system’s mechanical volume can be used.

NOTE System volume is the actual volume of the system which can be different from the calculated mechanical
volume. This difference can be due to corrosion buildup in the pipes, actual pipe sizes that are different from what
was calculated, water in the receivers that take volume out of the receiver, etc.
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7.11 Pressure

7.11.1 Pressure profile

Document the system pressure profile. The pressure profile shall be established from test pressure
points chosen from some or all of those indicated in Table C.1 for the supply side, Table D.1 for the
transmission system, and Table E.1 for the point of use.

7.11.2 Perceived high-pressure demands

Where perceived high-pressure demands are identified, assess performance of those demands.

7.12 Flowrate

7.12}]1 Compressed airflow profile

Quantify and document the overall compressed air demand over time supplied to the system.

7.12{2 Demand profile

Quantify and document the dynamic demand profile, including airflow rate and effectivenegs of existing
compressed air storage.

7.13 Critical air demands

Asseps performance of critical air demands and existing poor-performing end-use applications.
7.14 Compressed air waste

7.14{1 General

Compressed air wasted should be identified as leakage, inappropriate end-use, and artifirial demand
(see [fable E.2).

7.14{2 Leakage

Identify and, where practical, record compressed air leaks within the system. An estimatg of the total
amoynt of leakage shall be established.

7.14{3 Inappropriate end-use

Identify,and document those end-use processes which are deemed to be inappropriate.

« N

iapprepriate

where—a—more—energy-effietent alternative

NOT T PRy anl idantifiad
iy TC— pPTrotesSts—tar—ot—TatomCu—as

technology renders the use of compressed air as unnecessary.

7.14.4 Artificial demand

Identify, quantify, and document artificial demand as a function of present demand-side system or sector
pressure and recommended target pressure.

7.15 Air treatment

Evaluate treatment in all areas with respect to the system pressure profile and energy balance and air
purity requirements. The air purity specification as provided for general use within the compressed air
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system should be identified. In addition, where at the point of use, there is a more stringent specific air
purity requirement, this should also be identified (see Table C.8, Table D.4, and Table E.4).

NOTE The application of compressed air treatment within a system may be located at the supply side, within
the transmission system, and at one or more air demands.

7.16 Compressor control

Evaluate the present compressor control strategy and performance response to the existing demand
profile. For multiple compressor systems, assess the current method used to coordinate the operation
of all compressors.

7.17 Storalge

7.17.1 Primary storage

Quantify angd document that the primary storage is maintained effectively and controls a stored potential
of useable cpmpressed air energy on the generation side (supply) of a compressed air system.

Primary stqQrage necessarily comprises a storage volume (air receiver) providing storage pregsure
differential |storage pressure minus target system pressure), with appropriate control considerafions
(pressure/flow control).

7.17.2 Secondary storage

Quantify anfd document secondary storage as installed. Identify’the use of storage such as piping.

7.18 Maintenance

Document njaintenance practices and note whether‘these are part of a planned maintenance programme
(see Table B|6).

7.19 Ambient intake conditions
Measure an]l record the ambient intake.conditions at the compressor(s) location taking particular ngte of
— temperdgture,
— pressurg,
— humidify, and

— altitudg, if applicable.

Where thes¢ eharacteristics are influenced by seasonal variations and have an influence on compressor

f h soncidaratrion chall b givsanm fartha sl AfF ol s bt (cnan Tohla D 40
per ormances-eenstaeratioh-Sarroe STv e ottt SO O St o a O (St e o515~

8 Analysis of data from assessment

8.1 General

Using data collected during the assessment, baseline profiles and annualized projections of base-year
performance shall be established.

The assessment shall

a) analyse compressed air supply-and-demand balance to identify opportunities for improved
performance and increased energy efficiency,
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evaluate the system pressure profile and identify opportunities to eliminate pressure loss,

analyse dynamic airflow changes and resultant transient pressure profile response to assess the
performance impact and possible upset of end-use applications,

include an analysis of end-use applications and specific energy performance opportunities as a
result of potential system pressure reduction, elimination of compressed air waste, and improved
performance of critical end-use applications, and

perform root cause analysis for current operation methods to identify energy-efficient remedial
measures, identify specific energy performance improvement opportunities, and quantify projected
pnprgy cqvingc

The ley factor tobearin mind is thatifthereis aless expensive compressed air alternativefor|a particular

process, it should be considered.

8.2

The assessment shall

a)
b)

)

d)

e)

8.2.1 Compressor control optimization

Baseline profiles

etermine baseline performance for the system power profile and the associated airflow rate of demand,
etermine baseline performance through analysis of energyuse and total air demand,

aseline the system’s compressed air supply efficiency; analyse baseline performance|trends, and
identify the profile for typical periods of operation,

include annualized data for the expected number:éf-operating periods for each typical period profile
that has been identified (see 8.2.6), and

include a projection of base-year energy and air demand totals.

Identify opportunities to improve compressor control, optimize response to the system denpand profile,

and quantify projected energy reduction.

8.2.2 Power and energy.profiles

An epaluation of the pewer response of air compressors to dynamic changes in system performance

shall{be undertaken:

The assessmentishall

a)

b)

‘)

identify<inefficient control response through analysis of individual compressor performance and
dlse‘the combined response of multiple compressors,

identify days of operation that nave similar energy protiles and correiate with ptant functional
information, and

develop hourly energy and air demand totals to establish operating profiles.

8.2.3 Demand profile

The assessment shall

a)

b)

analyse dynamic air demand to identify system performance requirements and the resultant air
COmpressor power response,

identify periods of inefficient operation that require more detailed analysis of the dynamic
demand profile,
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c) integrate airflow rate measures over time to represent demand trends and establish operating
profiles, and

d) identify periods of operation that have similar air demand profiles and correlate with plant
functional information.

8.2.4 Supply efficiency
The assessment shall

a) relate measured power and energy data to measured airflow rate and total air demand to establish

baseling COMmpT essedait auppl_y cfﬁbicuuy,

b) include|an evaluation of the relationship of air demand trends to supply efficiency and identify
periods|of reduced supply efficiency that require more detailed investigation, and

c) includefan analysis of system operation to evaluate the supply and demand dynamic balance¢ and
comprepsor control response.

NOTE This is a system test and is not a test of individual components.

8.2.5 Operating period types
The assessnpent shall

a) correlafe total energy and total air demand profiles to plant\functional information and establish
typical pperating periods, and

b) create groupings of similar typical operating periods.
8.2.6 Annualized energy use and air demand

8.2.6.1 Gdneral

Plant energy costs shall be applied to determine annual compressed air energy cost and cost per upit of
compressed|air.

Any appropriate time period may-bé used so long as the sum of all time periods fairly represents the
total for annual operation.

8.2.6.2 Plant and operating profiles
The assessnpent shall

a) include annualplantprofiles to establish base-year performance, total energy use, and total air demiand,

b) fOI' eacP obarating nariad iﬂent“Fierl estimate-op—-an-annt ]b

Fa Y 13
OptTrottg Pt ot Tt IortT o CotIIotT orrorrrrorer

which the plant uses that profile, and

acic tha nihase
aSS—+tHheRthber

rieds for

¢) include a calculation of base-year totals using each typical operating period profile and number of
times the plant is operating at each typical period.

8.2.6.3 Base-year performance

To calculate base-year performance, the assessment shall define the following:
a) individual operational periods;

b) measured energy use for each operational periods;

c) total air demand for each operational periods;
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number of operating days per year for each operational periods;
annual energy use base-year performance;

annual total air demand base-year performance.

System volume

Evaluate the effectiveness of the total volume of the entire compressed air system.

NOT
resp

E System volume is an important parameter necessary to assess system events and compressor control

nse As sustem pressure increases rnmhrnccnd alrenergvis entering storage th fhﬂf ener
7 T 4 T (=4 (=] Lo augd

y is released

from|storage as system pressure decreases. This information is useful in calculating system aip-
correlating with compressed cycle times.

8.4

Pressure profile

8.4.1 General

The
a)

b)

c)

d)

f)

assessment shall

j:‘essure loss,

iinclude the pressure profile performance as it affects compressor control response, air
dnd-demand balance, and performance of end=tise demands,

¢stablish specific recommendations for @n improved system pressure profile, taking
tthe cumulative result of all remedial.measures. This includes mitigating the effect of

1) pressure variations,

2) drawdown events,

3) dynamic pressure instability,
4) pressure loss, dnd

3) excessive énd-use dynamic pressure loss, as applicable,

¢ach various demand sector, and

$rovide a control strategy to align supply with demand and maintain alignment throug
ariations in the demand profile

pakage or for

identify energy and performance improvement opportunities that result from elimination of

include an analysis to determine the impact of airfloiw variations and interaction wjith the flow
fesistance of system components and piping and the resultant dynamic pressure profile response,

flow supply-

nto account

gtate the recommended demand-side target pressure(s) and pressure variation tolgrance(s) for

hout normal

8.4.2 Pressure profile elements

The recommended pressure profile should account for all pressure requirements from supply to the
end-use device, including the following:

a)
b)

c)

compressor control pressure range, including accommodation for multiple compressor control strategy;

treatment equipment pressure drop considering peak airflow rate and the greatest pressure drop

through filters when element change is recommended;

primary storage pressure differential given the recommended storage volume and the necessary

useable mass flow of compressed air to support efficient compressor control, permis
time for stand-by compressors, and demand events;

© IS0 2013 - All rights reserved
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d)

transmission pressure loss to one or more sectors of the plant site considering peak airflow rate to
each various sector. Pressure loss should be inclusive of pipeline pressure gradient, pressure drop
through treatment equipment, and pressure differential for applied secondary storage within the
transmission system;

point-of-use pressure profile considering the flow static or flow dynamic characteristic of end use.
Point-of-use pressure profiles shall be inclusive of pressure loss from the equipment connection
point through point-of-use treatment equipment, piping, and controls. If secondary storage is
recommended, the pressure profile shall indicate the necessary storage pressure differential.

8.4.3 Average pressure and pressure variations

The assessrxllent shall

a)
b)
‘)
d)

8.4.4 Pea:l( airflow — Effect on pressure profile

include pn analysis of the system pressure profile using data collected during the assgssment,
determine average system pressure correlation with energy and total air demand\profiles,
investigpte dynamic pressure variations and correlate them to supply-and-demand airflow balancg, and

identify| characteristic signatures of system events that require more¢detailed investigation and
opportynities to improve the supply-and-demand balance with appljcdtion of storage and quantify
the energy benefit resulting from pressure profile improvement.

The assessnpent shall

a) perform root cause analysis to identify the cause-and-effect relationship associated with the
pressurk profile’s interaction with peak airflow,

b) investigate specific remedial measures of storage and/or reduced system resistance, and

c) identify|the anticipated performance impactand quantify the energy benefitresulting from pregsure
profile improvement.

NOTE Pgak airflow and the resultant pressure drawdown and/or pressure instability can cause the prefsure

profile to fallbelow the plant’s minimuin system pressure requirement. Increasing the overall system pressfire to

accommodatg pressure drawdown and pressure instability can be a very energy-intensive solution.

8.4.5 Exce¢ssive pressureloss

The assessnpent shall

a)

b)
c)

d)

20

determine préssure drop associated with various system components and correlate data from
dynamif pressure and demand profiles,

correlate COMpPOTENt Pressure drop with periods of tow, average, and peak air demand,

identify remedial measures to reduce airflow rate through elimination of waste and inappropriate
use or application of secondary storage with controlled refill to reduce peak demand,

recommend the size and application of system components for proper airflow capacity, taking into
account projections of reduced airflow rate, and

identify specific remedial measures and estimate the performance impact and energy benefit of
pressure profile improvements in consideration of the entire compressed air system.
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8.4.6 Excessive pressure gradient

The assessment shall

a) include an analysis of pipeline pressure gradients and identify if excessive pressure loss at the
current airflow rate is a function of high pipeline velocity and distance travelled or if restrictive
choke points exist,

b) i

dentify sectors of the transmission system presenting excessive pressure loss, and

c) include the following supplemental element action if excessive pressure gradient is identified:

8.5

8.5.1

The
perc

NOTH
perce

8.5.2
The 4

a) {

b)

c)

) Lvaluate air demand 1n the affected sector(s) to 1dentify remedial measures that w
airflow rate to the sector through elimination of waste and inappropriate use or d
secondary storage with controlled refill.

) With projections of reduced airflow rate through the affected pipeline, calcul
expected pressure gradient associated with the reduced air demand shall be done.

) Identify specific remedial measures for sector demand redudtion, piping mod
eliminate choke points, opportunities to create piping loop, cobhections to existi
having unused flow capacity, or complete pipeline redesign;

}) Estimate the performance impact and energy benefit of pressure profile improven
Perceived high-pressure demand

General

assessment shall validate the end-use pressure requirement for all applications i
pived high-pressure demand using data gathered during the assessment.

The end-use air demand performaice can be the result of systemic issues that are the rod
ived need for high pressure.

Rated/recommended.end-use pressure
ssessment shall

pstablish from research any recommended operating data for the end-use compressed,

in the context of\n'situ performance requirements,

rerify from@ehecking process that general operating data do not overstate the pressure

for the actual production function being accomplished, and

rerify recommended end-use pressure in the context of the “as-installed”, end-use reqy

Fill decrease
bplication of

htion of the

fications to
ng pipelines

ents.

dentified as

t cause of the

air demand

requirement

irement.

8.5.3 Dynamic flow/pressure relationship

The assessment should

a) include analysis of the dynamic performance of the end-use demand, using high-frequency data
gathered during the assessment. This includes investigating the dynamic point-of-use pressure
profile from the equipment connection point to the subject end-use device,

b) evaluate the nature of the end-use as flow static or flow dynamic demand, and

c) assessthe appropriateness of the current end-use pressure profile and dynamic pressure signature.
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8.5.4 Stability of supply pressure

The assessment should

a) ascertai
b)

NOTE
impact of oth

rule out

8.5.5 Rem

n the stability of pressure delivered at the equipment connection point, and

upstream pressure instability as a reason for perceived high-pressure requirements.

er system events on the equipment connection pressure.

edial measures and quantification of savings

Pressure instability can be caused by the dynamic performance of the transmission system or the

8.5.5.1 G¢g

The assessment should

a) identify
b) estimat
c) estimat
8.5.5.2 Ex

neral

specific remedial measures addressing high-pressure air demands,
e the performance impact of pressure profile improvements, and

e the energy benefit of pressure profile improvements.

isting pressure anomalies

If the root cause of the perceived need for high pressure is a restiltof systemic or point-of-use pregsure

anomalies, then remedial measures to address the root cause igsue shall be investigated.

8.5.5.3 V:llid high-pressure use

The assessnpent shall

a) identify| if the end use is a valid high-presSure demand representing a small fraction of total air
demand and is driving the system presS§ure profile to excessively high pressure, then alterndtives
shall be|investigated that will reduce system energy consumption,

b) analyse|the potential to modify-the end-use device to allow successful operation at lower supply
pressurg, and

c) indicatq if it is not feasible’ or cost effective to modify the end-use device, then the propgosed
alternative means to supply the air demand shall be identified.

8.6 Demand profile

8.6.1 Gen

eral

The assessn

a)
b)
optimiz

<)

1ent shall

ing the compressor control response to normal variations in air demand,

identify energy and performance improvements that relate to the compressed air demand profile,

evaluate the potential for reducing demand, improving the supply-and-demand balance, and

analyse the combined performance of the supply system (generation and storage), transmission

system, and point-of-use equipment to identify opportunities to better control and support the
system’s demand profile, and

d)

estimated energy savings.

22

identify specific remedial measure(s) to exercise compressed air demand management and quantify
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8.6.2 Average airflow and airflow variations

Using data gathered during the assessment, the air demand profile, including its correlation to the
energy profile and average system pressure, shall be identified.

The assessment shall

a) identify periods of high and low demand and the system’s ability to maintain an optimum supply-
and-demand balance,

b) identify any specific periods of operation that warrant more detailed analysis,

c) 4nalyse periods of supply-and-demand imbalance and identify specific remedial measu}es to better
qlign supply and demand,

d) ¢onsider measures necessary to maintain alignment throughout normal changes ir the plant’s
¢ompressed air demand,

e) include a review of airflow variations and the dynamic performance of system air demand together
yvith the system’s dynamic pressure profile,

f) 4nalyse demand events and system response, including pressure drawdown rate pnd airflow
¢ontribution of storage,

g) include a quantification of demand events and their total@irflow rate and duration, and

h) demonstrate, as a result of investigation, the charaégteristic signatures of repeated eyents and, if
ossible, correlate the event to the associated production equipment and/or activity.

8.6.3 Transmission system performance
The @ssessment shall

a) ¢onsider the performance of transmission during demand events and identify any efffects on the
gystem pressure profile,

b) determine whether compressor controls respond in an efficient manner,

c) analyse how demand events are reflected in control signal pressure and the resultant supply-
gide response,

d) 4nalyse how demyand events are reflected in the connection pressure at end-use applications, and

e) dJetermine whether there is any adverse effect of pressure variation at end-use demands.

8.6.4 Remedial measures and quantification of savings

The asseéssment shall

a) evaluate alternatives for improved compressor control, primary/secondary storage, and flow
pressure control to more efficiently deal with airflow variations that occur, and

b) identify specific remedial measures and quantify the expected energy reduction.
8.7 (ritical air demands

8.7.1 (ritical end-use characteristics
The assessment should

a) determine whether compressed air system performance related to the critical end use should be
considered as a process variable,
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b) document the dynamic performance and characteristic signatures for airflow and/or critical end-
use pressure for critical end-use applications,

c) include an analysis of end-use function data and performance, comparing characteristic signatures
for periods of normal operation with periods of unsatisfactory operation, and

d) include an analysis of the end-use function to quantify the value and allowable tolerance for end-use
pressure and/or airflow rate necessary to properly support the end-use application.

Arootcauseanalysis shallbe performed toidentifyissuesimpacting critical compressed air performance.

Analysis should also consider and, if possible, rule out other causes, such as mechanical vibration or
reactionary force acting on the end-use pneumatic device

NOTE1 In[some instances, the result of analysis can be to rule out compressed air-related perfopmance as a
causative effgct.

NOTE 2  Analysis of a critical air demand benefits from defining the flow and pressure characteristics df this
demand.

8.7.2 Analysis of process limits

The need to provide monitoring and control of compressed air as a process variable shall be determjined.
If necessaryj, process constraints with appropriate methods of processdnonitoring, alarm indicqtors,
and documentation of performance shall be established.

8.7.3 Renjedial measures and quantification of savings

Specific rempedial measures for critical air demands and an indication of the expected cost sayings
shall be idefitified. Measures needed to implement process monitoring may be identified, if required.
A financial analysis shall include the cost of control and monitoring. The net savings shall include the
productivity impact and net energy change from implementing the remedial measures.

NOTE Cyitical air demands are those end uses ©f ‘compressed air that have the potential to impact prpduct
quality, prodjiction rate, scrap rate, rework cost, gustomer satisfaction, etc. As such, improving performance of
critical air dgmand is most relevant in terms ofnon-energy benefits to production operations. However, thefe are
often energy{related benefits associated with'improving performance of critical air demands.

8.8 Compressed air waste

8.8.1 Gengpgral

Using data follected during the assessment, the various components of compressed air waste [shall
be identified. Specific remedial measures necessary to eliminate waste shall be provided, and erergy
savings estimates for each remedial measure shall be calculated.

8.8.2 Leakage

The total amount of leakage present in the system shall be estimated. Observations shall be made with
respect to the existing piping and maintenance practice as it relates to the relative number and size of
leakages. Specific recommendations shall be developed to address any existing poor piping practice.

Short-term leak reduction targets and recommendations of specific remedial actions to achieve the
targeted leak reduction shall be established. For the leak reduction target, estimated energy savings
shall be provided.

NOTE It can be expected that greater leak reduction is achievable when there are relatively fewer large

leaks as compared with numerous small leaks. Poor piping practice is generally considered the precursor to
numerous small leaks.
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Inappropriate use

Using data gathered during the assessment, inappropriate uses shall be identified and alternatives shall
be provided. Calculation of the projected energy use of alternative methods and an estimate of the total
net energy savings from the implementation of the identified alternative methods shall be provided.

Itcanalso be the case that where compressed airis deemed to be essential that an alternative compressed
air solution can be identified, e.g. entrained air device.

8.8.4 Artificial demand
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gn outline of specific remedial measures necessary to achieve and maintain the establisH

ide target pressure for the system (or each demand sector), and

he estimated energy savings from implementing such remedial measures.
Optimized air treatment

General

stem-wide compressed air treatment strategy.‘shall be determined, taking into c
1se requirements, the current method of compressed air treatment, and pressure dey
bred during the assessment.

energy and performance improvement epportunities resulting from specific remedi

gs for the optimized air treatmentstrategy as compared with the present method of of
Appropriate air purity

ideration shall be given to’the end-use applications of compressed air and their respecti
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by actual measurement unless this is identified as a requirement.
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8.9.3 Redundant treatment equipment

The assessment shall

a)
b)

evaluate the application of redundant air treatment equipment and end-use risk factors, and

identify an appropriate strategy to eliminate any unnecessary air treatment equipment while

ensuring that risk management objectives and compressed air system needs are satisfied.

8.9.4 Air treatment effect on pressure profile

Evaluation of the existing application of air treatment equipment and its impact on the system pressure
profile shall be undertaken. Opportunities to eliminate pressure loss shall be identified. This shall
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include an analysis of the dynamic interaction of supply-side air treatment equipment resistance with

the compres

sors’ changing airflow delivery and the impact on control signal pressure.

The pressure loss associated with the air treatment equipment within the transmission system shall
be evaluated.

If it is found that unacceptable contaminants could be introduced downstream from the transmission
system’s compressed air treatment equipment, consideration should be given as to whether it is more
appropriate to perform the necessary air treatment in closer proximity to the end-use requirement.

Point-of-use compressed air treatment equipment should be evaluated to verify that it is required and

appropriat
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jedial measures and quantification of energy result
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d)

energy use reduction associated with the reduced target pressure(s).
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include the recommended demand-side target pressure(s) and pressure variation tolerance(s) for

include an evaluation of the system operation at the reduced target pressure(s) and estimate the
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8.11 Balance of supply and demand

8.11.1 General

The assessment shall

a)

b)

d)

provide an analysis of the compressed air system control methods necessary to maintain real-time
balance between supply and demand with sufficient transmission capacity to move compressed air
energy from supply to demand as required by the dynamic characteristics of the system,

include an evaluation of the application of primary and/or secondary storage with

appropriate

OTTTOt TO0 SUPPOTT Peak air demand and detay or efiminate the startup of additionat
¢apacity in response to short-term demand events,

rovide an analysis of the total impact of compressed air demand reduction, including the
finappropriate uses, leakage, and artificial demand, together with the impaet of the re
¢ompressed air storage to reduce peak airflow supplied from generation,and

Kovide an estimate of the projected demand profile with the implementation of re
easures, taking into consideration the baseline demand profile.

8.11|2 Compressor control strategy

This[analysis shall optimize compressor control strategy to the projected demand profile
cons|deration the following:

a)
b)

)

d)

$hut down any compressors that are not needed tosupport the reduced demand profil

Where possible, operate compressors at their most efficient performance conditid
lypically at their full-load design point.

Apply trim compressor capacity operating with the most efficient part-load capacif
gvailable mix of compressor sizes arid control types.

In multiple compressor systems, consider applying control automation to maintain
demand balance under normal‘variations in the demand profile.

8.11|3 Remedial measures

The assessment shall

a)

b)

)

d)

identify the neeessary remedial measures to implementany proposed control strategy. T
feduction-nyénergy use savings shall be quantified,

fecognize that implementation of remedial measures will likely occur as an on-gd
hdsed in overtime,

compressor

elimination
commended

commended

taking into

9%

n, which is

y given the

supply-and-

he expected

ing process

include a description of the control strategy’s flexibility to efficiently meet the demand profile as it

may change within various stages of implementation, and

include appropriate milestones and anticipated changes as implementation proceeds where specific

changes to the implementation of the control strategy are necessary.

8.12 Maintenance opportunities

Recommendations shall consider that sustainable results related to maintenance opportunities
frequently require on-going maintenance programs to be implemented. Recommendations on specific
remedial measures and estimated energy reduction shall be provided. Remedial measures shall promote
sustainable improvement of system performance and energy efficiency.
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The assessment shall

provide an evaluation of maintenance performed on the compressed air system and its effect on
energy efficiency, performance, and reliability of the system,

provide an evaluation of maintenance and installation of the compressor intake filter and piping to
assess the impact on compressor capacity, reliability, and efficiency,

provide the result of investigations on the installation and maintenance of condensate drain traps to
assess compressed air waste and energy loss associated with improper operation of condensate drains,

identify opportunities to improve performance and reliability, and shall estimate the impact on

a)

b)

0)

d)
total en

e) takeint
an evaly
(HVAC)
require

8.13 Heat

ergy use, and

paccountthatair compressor cooling frequently affects performance and reliability; Therg

ation of the interaction with other systems, such as heating, ventilation, and air:conditiq
equipment, which may impact performance and reliability, should be provided. This is|
l if site-specific activities include maintenance actions affecting compressorcooling.

recovery opportunities

The assessnpent should

an analysis of the annual operating profile for applicatigns/that could potentially use
ed from the air compressors,

heat transfer system, and

a) include

recover
b) include
c) determi

or othef
9 Repor
9.1 Asses

ne the net energy reduction accounting for:erergy use of auxiliary fans, pumps, heat pu
equipment associated with a heat transfer'system.

ting and documentation of assessment findings

sment report

The assessnent report shall include‘the following information:

a)
b)
‘)
d)
e)
f)

g)
h)

28
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e summary;
nformation;
lent goals and scope;

fioncof’'system(s) studied in assessment and significant system issues;

assessn

ent data collection and mp:\cnrﬂmnnfc;

data analysis;

1) system profile, including pressure, flow, and power;

2) recommended pressure profile;

3) review of critical end uses and recommendations, if appropriate;

4) quantification of waste due to leaks, artificial demand, and inappropriate uses, if any;

annual energy use baseline;

performance improvement opportunities and prioritization;

fore,
ning
only

heat

an estimate of the amount of recoverable heat based on a conceptual design of a suifable

mps,
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i) recommendations for implementation activities;

j) energy-saving opportunities;

k) annexes for background and supporting information.

The assessment report shall identify the methods of calculation and software models used with
assumptions clearly stated.

The report shall be presented as hard copy, electronic media, or any other suitable medium.

9.2

Repdg

appr
the d

9.3

The
goalj
from

The
data
feasi

9.4

The
the 4

docujmentation shall be structured so_it;can be easily accessed by verifiers and other

invol

l‘nhfirlnnfialify

rts are the sole property of the client. Confidentiality should, therefore, be. res
bpriately safeguarded by the assessor(s) and any report recipients. Distribution)of thg
iscretion of the client.

Energy-saving opportunities

report shall include the outcome of measurements in accordance_with site-specific
, assessment plan of action, and statement of work. Any significant measurements or @
completed action items shall be documented.

Feport shall list all energy-saving opportunities that were identified during the assg

bility. Strategies to implement the improvements shall'be identified.

Data for third-party review

Feport or other documentation delivered with the report shall include sufficient ray
ssessment so that the analyses perforimed in Clause 8 can be confirmed by a third

ved in its development.

pected and
reportis at

assessment
bservations

ssment and

analysis. The energy-saving opportunities shall be prioritized based on impact, imp¢rtance, and

v data from
party. This
persons not
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A.1 Ener

With a focud on measurement and improvement, an energy assessment starts with a detailed suxve
compressed|air system with specific focus on increasing the efficiency of compressed air usage.Sta
at the point pf use and working back to the compressor house is a logical approach.
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Introduction to energy assessment

oy costs and carbon emissions

olutions which both reduces the air demand on the compressed air systemwhile mainta
requirements. This significantly reduces factory electricity costs and'\cuts carbon emis§

consider are application of air at point of use, leakage, and operating pressure.

re requirements, actual air demand, and leakage have beén‘identified and quantifiec
r-efficient solution to reduce factory air consumption ¢an‘be proposed. The reducti
tremely important. It cannot be completely eliminated.due to the complexities of produ
which is where most of the leakage occurs, but it can be controlled.

'ycle costs

air systems are considered to be a necessary utility across all industries and are estinj
some 5 % to 25 % of industrial electrical supply.

[ in energy-efficient technologies)'is constantly rising and users are imposing dem
turers of compressors and related equipment to develop technologies and tools fo

tmentis governed by life-€ycle-costanalyses, especially with the supply of a new comprg
While energy efficiency is considered a major parameter in the design of new sysf
nergy savings can‘b€ realized in the optimization of existing compressed air systems.

py cost réduction

reduetion is usually the driving force behind assessments; however, the other benef|
sessment performed on a compressed air system are

h of existing compressed aiftsystems and for the design of new and more efficient ones|.
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improved plant and process productivity,
improved product quality,

improved equipment reliability,

reduced maintenance costs, and

reduced scrap rates and costs.

iency improvements also provide benefits to environmental issues.
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A.4 Assessment and measurement

The assessment needs to consider all elements of the compressed air system from generation to end
use to be able to provide not only a current state of play but also recommendations on improvements.
Whether the results indicate that leak management leads to the stated energy efficiency improvements
or more sophisticated solutions such as energy-efficient electric motors or variable-speed-drive control
systems are required, these all need to be part of an integrated solution. The data used are derived from
measurements made from key areas of the compressed air system.

Today, many different methods are used to perform these measurements which can produce varying
results. Interpreting these results is not easy for the compressed air user; therefore, a standard
mea{UTement practice 13 required.

A.5 | Reporting and action

The feport is a stand-alone survey of the customer’s current situation that\can lead tq identifying
imprjovements. A non-exclusive list of management and technical actions\is provided below as an
indidator of energy-saving opportunities that can be gained from a compressed air system fssessment.

Compressed air systems are extremely interactive and, often, several different actions are required in
combination to achieve a successful outcome.

The pptions listed can provide solutions to an optimized sysfem and achieve maximum savings when
applied in a coordinated manner.

Management actions:

— Raise the awareness of all users to the proper.use and cost of compressed air.
— Develop and implement a maintenance programme for the whole system.
— Install metering and implement monitering.

— Use trained and competent personnel for installation, servicing, and system upgrades.

— Develop and implement a putehasing policy considering life-cycle costs.

Jcess.
— Install heat recovery measures, where appropriate, which may offset existing energy use.
— Identify and eliminate inappropriate compressed air uses.

— Improve distribution piping and eliminate excessive pressure drop.

— Reduce/stabilize operating pressure.

— Add additional storage (supply and point of use).

— “Rightsize”/replace compressors to improve supply-and-demand balance.
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(informative)

Assessment activities — General

The following is for guidance to both the assessor and the client when developing the survey.

B.1 Information provided by site management

B.1.1 Company profile

Company prfofile (see 7.3) details are shown as an indicative list in Table B.1.

Table B.1 — Company profile details - indicative list

Company

Address 1 Telephone
Address 2 Fax
City/Town E-mail

Region/Countly
Post/Zip Codd

Compressed afir system site address (if different than company-address)

Address 1 Tel
Address 2 Fax
City/Town E-mail

Region/Countly
Post/Zip Codd

Personnel listjng relevant to
assessment

B.1.2 Indpstrial sector in which the company operates

Characteriztion of-thte industrial sector (see 7.2) includes information on product type which cgn be
defined by standard industry codes.

B.1.3 Usage of compressed air

Compressed air usage information (see 7.5) includes such uses as control/instrumentation, pneumatic
tools, and processes. Some processes use large volumes of air for short periods of time and others for
long periods of time. Such behaviours should be included.

B.1.4 Employees

Indicate the number of employees (see 7.3) in the company (or in the business unit, subject to the
assessment) at the end of the last financial year.

B.1.5 Working time

Those aspects making up the working time (see 7.2) are indicated in Table B.2.
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Work cycle

Identify shift pattern, e.g. daily/weekly

Days/7 day week

Annual total operational
hours

Seasonal demand variation

B.1.6 Production

Those aspects contributing to production information (see 7.2) are indicated in Table B.3.

Table B.3 — Production information

Shift

Week

Quarter

Year

Season3gl/Market
inflpence

prodiyicts

Volurpe/No. of fabricated

Prodfict rejection rate

annufm)

Sales|volume (currency/

B.1.7 Facility

A diggrammatic representation of the facility under assessment (see 7.3 and 7.4) should be

aid understanding of the relationship betwen all connectedycompressed air-related equipmlent.

B.1.8 Ambient climatic conditions

Seaspnal ambient climatic conditions (see 7.19) are identified in Table B.4.

Table B.4 — Seasonal ambient climatic conditions

Spring

Summer

Autumn

Winter

Pressure

Temperature

Humidity

NOTE Seasondl or, if considered relevant, more frequent recording (weekly, monthly) of

rain, snow; or-drid conditions can also be useful

B.1.9 Energy.costs

Typi¢al energy’costs (see 7.8) which are relevant to the assessment are indicated in Table B{5
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Table B.5 — Typical energy costs

air system

Electricity consumption
related to the compressed

Time periods (to be quantified as relevant)

Weekly

Monthly

Quarterly/
Half-yearly

Annually

affected

Other

(to include production-

time periods)

assessment.

The following information is to be supplied by the site management, if known; otherwise, it should be identified during the

Compressors

Air

Ventilation fans

Cooling pumps

Other

treatment

(compressor room)

(liquid-cooled
compressors)

N2

Share of load

power)

q°

Cost for load d
rency/week)

peration (cur-

T

Cost of idling
rency/week)

bperation (cur-

-O

Specific powe

I (energy/volume)

N

o)

Energy cost (d

urrency/volume)

Free air delivd
week (7 day);
weeks)

ry (volume) per
per year (52

Price of fuel

Price of coola

ht

Cost of consuf

hable material

Cost of spare |
of maintenand

barts, of disposal,
e

Cost of rental

B.1.10 Maintenance

Typical info

~

34
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S

Fmation on th@ of maintenance (see 7.18) is given in Table B.6.

Q.
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Table B.6 — Typical maintenance information

Does a maintenance plan exist for the system or installation to be examined? | No |Yes

If “Yes”, identify the last scheduled maintenance: | (month/year)

Identify the maintenance frequency for the system or installation to be examined:

Weekly Monthly | Half-yearly |Annually | Other

If “Other”, provide details

Identify leak management process | None | Frequency/Action

Identfify if the system or installation has or is to be modified from the original installation, e.g. retrofitti%rb extending

No |Yes, identify when: | Q (month/year)
~V
If “Yets”, identify the reasons: ,\'\ :
N
Changpes in capacity General modernization measures ,\Q
Repalr of important components of . N
the installation Changes in the process flow O

-
Other: k\J
N
& O
Identfify operational reasons for the linking of specific system or installat}}@)mponents:
None| Yes If “Yes”, provide details \\\<

S
QQW

Identfify “auxiliary circuits” or interfaces within the system@installation that may have effects on compresged air

systejm(s) to be analysed: K\
None| Yes If “Yes”, pros\‘/\'('dfﬁetails
o=
o
o
Histdrical problems with the com- .g..abnormally high operating temperature in the summer, water/liquid oil in the
presged air facility §§pes, freezing problems in the facility in winter, blockages, breakdoyn through

O 'high pressure drops, etc.
OQ Provide details:
%)

N\

B.1.11 Assessnkg;ﬁ information

Inforjmation dﬁa commitment to assessment [see 7.1d)] is given in Table B.7.

<
?\
S
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Table B.7 — Assessment information

Is there an est.

ablished policy on any efficiency increase potential? Yes No

Site managem

ciency of the s

potential for increasing the effi-

Energy savings Percentage of the annual energy demand

Cost savings poten-
tial

ent assessment of the Percentage of the total life cycle costs

ystem or installation Availability of budget

Payback criteria

Date of last assess-
ment

Previous asse

Energy savings iden-

ssment conclusions tified Percentage of the annual energy demand

Cost savings

achieved Percentage of the total life cycle costs

Comments:

B.1.12 Utillization ratio

Information|
compressor

on the utilization ratio (see 7.7) of the system or installation jirrelation to the maxi
capacity or on the load profile of the system or installation iS/given in Table B.8.

Table B.8 — Information on the utilization ratio

mum

The installati

nisrunbetween ... and ... percentage of the maximum capagity.

The following

details apply:

Daily profile:

| Day 1 Day 2 Day 3 Day#4 Day 5 Day 6 Day 7

When run con

tinuously, a day profile is sufficient.

Annual profilg:

| Spreadsheet form can be included

Identify if a fe|

edback control system is available for the system or installation under investigation

No, the installl

Ation is run continuously. |Yes, in the following manner:

Mantal control (gradual, cascade)

Automated control (continuous)

Continuous control is based on:

Speed control Throttling

Bypass control

Other (provide details):
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C1

Annex C
(informative)

Assessment activities — Supply

Test points

IS0 11011:2013(E)

Supplly—side test points (see 6.3.2, 6.4.2, and 6.5.2) should include points as listed in T4

ident

ified in the examples given in Figures C.1, C.2, and C.3;

Table C.1 — Supply-side test points

\ble C.1 and

Location Location description Pressure Flqw Power
S1 compressor discharge

S2 primary storage

S3 upstream of pressure controls

S4 downstream of pressure controls

S5 upstream of flow controls

S6 downstream of flow controls

S7 upstream of supply-side treatment equipment

S8 downstream of supply-side treatment equipment
S9 supply to transmission and demand

SE compressor electrical input

SA air treatment electrical input

AP ambient air pressure

a Frqm other compressing plant whergfitted.

© IS0 2013 - All rights reserved
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s7 S8 S7 SA S8 S7 s8 ®

S3 S4 'S5 S6 S9

—

\
N

o M~

NOTE Air receiver location(s) “wet” or “dry” or “both” depend on systeniperformance requirements.

Figure C.1 — Typical stand-alone/packaged compressor(s)linked to site air receiver(s) gnd
air treatment

SE SA SA S1&S2&S8

]
%
s
L ]

Figure€.2 — Typical receiver-mounted compressor with integral dryer

SE SA SA S1 S2 & S8
|

Figure C.3 — Typical packaged compressor with air treatment linked to site air receiver
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C.2 Supply information

This characterizes the installed compressor formation.

C.2.1 Global compressor information

IS0 11011:2013(E)

Information related to the compressor(s) types (see 6.5.3) installed on site is given in Table C.2.

Table C.2 — Global compressor information

Total of all compressors installed

Age df compressed air installation

Less than 3 years | |

| 3to 5years

| More than 5 years

Compressor types installed

Stages | Lubricated

Coolant

Fixed

VSD ¢

Yes No

Air

Water

0il

Speed

Variable

Displacement

Opena

Closed

Recigrocating

Screy

Vane

Centrifugal
Turb

Axial

Otheyb

a  (hpen-circuit water coolant [see 6.5.3.1€)].
b IHentify compressor type.

¢ Variable-speed drive.

C.2.2 Individual compressors

Inforymation related to individual-compressors (see

6.5.3.1) is identified in Table C.3.

Table C.3 — Individual compressor details

Numbper of compressors-(n)

1

2

Manyfacturer

Modgl/Serial number

Year pf construction

Voltage/Phases

© IS0 2013 - All rights reserved
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Table C.3 (continued)

Number of compressors (n)

1

Power

Total (package)

Drive motor nameplate rating

Drive motor nameplate nominal effi-
ciency, as a percentage

Fan motor nameplate rating (if appli-
cable)

Fan motor nameplate nominal effi-

TIeTICy, oS a perceItage

Total package input power at zero flow

Total package input power at rated
capacity and full-load operating pres-
sure

Specific power - Specific package input
power at rated capacity and full-load
operating pressure

Pressure

Heatrecovery

Discharge air temperature

Oil temperature

Location

C.2.3 Total compressor capacity

Compressor| performance with respect to flowrate (see 6:4) as indicated by supplied or measured|data

are identifidd in Table C.4.

Table C.4 — Total.ecompressor capacity

Total:

Individual cdmpressor capacity (n)

Volume flowrate(s)

Rated capacity at full-load operating pyessure

Pressure(s)

Full-load operjating pressure

Maximum full-flow operating{pressure

Briefly descripe what tlfe different pressure values are required for.

C2.4 CorTbustion engine-driven compressor

Information on combustion engine-driven (see 6.5.3.2) compressor plant is given in Table C.5.

Table C.5 — Combustion engine-driven compressor details

Number of engine-driven compressors (n)

1

2

Manufacturer

Engine model

Engine, year of construction

Maximum number of on/off cycles per hour

Maximum amount of time off between cycles

Engine power

40
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