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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENERGY EFFICIENCY THROUGH AUTOMATION SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

Il national electrotechnical commitiees (IEC National Committiees) The object of IFC is to promote

nternational co-operation on all questions concerning standardization in the electrical and electronic fields
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatiq
[Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to, ‘as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee!interes
n the subject dealt with may participate in this preparatory work. International, governmental and r
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
with the International Organization for Standardization (ISO) in accordance with conditions determined
agreement between the two organizations.

2) [The formal decisions or agreements of IEC on technical matters express, as nearly asypossible, an internatig
consensus of opinion on the relevant subjects since each technical committee has’representation from|
nterested IEC National Committees.

3) [EC Publications have the form of recommendations for international use and are accepted by IEC Natig
Committees in that sense. While all reasonable efforts are made to ensute“that the technical content of
Publications is accurate, IEC cannot be held responsible for the way\in" which they are used or for
misinterpretation by any end user.

4) |[In order to promote international uniformity, IEC National Committeés undertake to apply IEC Publicati
transparently to the maximum extent possible in their nationalyand regional publications. Any diverge
between any IEC Publication and the corresponding national @r.regional publication shall be clearly indicate
the latter.

5) |IEC itself does not provide any attestation of conformity Independent certification bodies provide confori
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies:

6) [All users should ensure that they have the latestedition of this publication.

7) INo liability shall attach to IEC or its directors, employees, servants or agents including individual experts
embers of its technical committees and IEC' National Committees for any personal injury, property damag
other damage of any nature whatsoever; whether direct or indirect, or for costs (including legal fees)
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.
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8) JAttention is drawn to the Normatiye references cited in this publication. Use of the referenced publicationp is

ndispensable for the correctrapplication of this publication.

9) [Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subjeg
patent rights. IEC shall.not be held responsible for identifying any or all such patent rights.

The main task of (EC technical committees is to prepare International Standards. However
teghnical committee may propose the publication of a technical report when it has collec
dafa of a different kind from that which is normally published as an International Standard,
example "state of the art".
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IEC 62837, which is a technical report, has been prepared by IEC technical committee

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
65/513/DTR 65/517/RVC

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicaﬂes
that it contains colours which are considered to be useful for the corrgct
understanding of its contents. Users should therefore print this document usingl a
colour printer.
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INTRODUCTION

Energy efficiency has received an ever growing attention worldwide since it is considered a
major lever to help secure a sustainable society in view of climate change, growing population
and security of supply [1]1. Additionally the sustainability and conservation of resources need
to be considered. Automation is the enabler of measures, solutions and systems for
demand/response and energy efficiency. In the context of this TR we will only consider energy
efficiency. IEC and ISO have both identified energy efficiency as one of their main areas of

act

ivity.

Th
ter
ass
De
En
red
co

In
SC
an

ideintifies a number of teehnology areas in the scope of various technical committees t

ne

b current focus of the Standard Development Organisations (SDO) is harmonig
minology, calculation methods, indicators, energy management systems and standards
essment and ratings (e.g. for buildings and industrial plants). For this purpose(lEC S
cision 128/20 “New initiatives for IEC” work endorsed the SMB Strategic Group 1

prgy Efficiency and Renewable Energy. This strategic group has since then'developed
ommendations for future work in different domains. The three following recommendatid
er the area of automation:

Recommendation #7: IEC/TC 2, SC 22G and TC 65 together withh ISO/TC 184 sho
develop guidelines for the design and operation of energy efficient’systems in the field
industrial automation and industrial process control from a system point of view.

Recommendation #27: In order to support the optimisation,of automation and product
processes already during the planning phase of prodyetion systems, SG1 recommer
that all relevant product TC/SC include key data in their components/devices standa
that are vital for a priori simulation of the component/device behaviour in an inteng
production system, as such simulation leads e optimised processes from an ene
efficiency perspective.

Recommendation #28: In order to support.the optimisation of automation and product
processes already during the planning phase of production systems, SG1 recommer
that TC 65 and its SCs consider the dévelopment of simulation tools from a system pg
of view, to allow a priori optimisation of automation and production processes on
factory floor in terms of energy effigiency.

ine with the recommendation.#7, a workshop organized by the quoted committees and

17B reached the consensus. to create JWG 14, settled in TC 65, to cover the objecti
| perform the tasks specified in the above mentioned recommendations. This docum
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Numbers in square brackets refer to the Bibliography.
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1

ENERGY EFFICIENCY THROUGH AUTOMATION SYSTEMS

Scope

This Technical Report provides to the technical committees a framework for the development
and adaptation of documents in order to improve energy efficiency in manufacturing, process

Conl'rr\l and industrial facilitvy manaaamant
o HeaHauStHa e ey Rahiagehieht-

2

Th
arg
un

amendments) applies.
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3.1

3.1
en

Normative references

e following documents, in whole or in part, are normatively referenced in this document g
indispensable for its application. For dated references, only the edition cited applies.
lated references, the latest edition of the referenced documeént (including 3

[ 62264 (all parts), Enterprise-control system integration
L 62264-1:2013, Enterprise-control system integration — Part’1: Models and terminology

D 20140-1:2013, Automation systems and integration)— Evaluating energy efficiency 3
er factors of manufacturing systems that influencethe environment — Part 1. Overview 3
peral principles

D 22400-2, Automation systems and integration — Key performance indicators
nufacturing operations management — RPatt 2: Definitions and descriptions?2

Terms and definitions
the purposes of this document, the following terms and definitions apply.

Energy

A
ergy

caj

Not
like
en

Note

pacity of a system to produce external activity or perform work

1 to entryy Commonly, the term “energy” is used for electricity, fuel, steam, heat, compressed air and o
medjasEnergy can take a wide variety of forms, for example: chemical energy, mechanical energy, ther
rgys electric energy, gravitational energy, nuclear energy, hydraulic energy, etc.

nd
For
ny

nd
nd

for

her
mal

[SOURCE: CEN/CLC/TR 16103:2010, 4.1.1]

3.1

.2

energy conversion
transformation of the physical or chemical form of energy

Note 1 to entry: The term “energy transformation” may be employed in this sense.

2

To be published.
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[SOURCE: CEN/CLC/TR 16103:2010, 4.1.7]

3.1.3

energy source

source material or natural resource from which energy in a useful form can be extracted
recovered either directly or by means of energy conversion

[SOURCE: CEN/CLC/TR 16103:2010, 4.1.2]

3.1
finﬁ energy

eng¢rgy as received by an energy using system

Note 1 to entry: Final energy may be either primary or secondary energy, or both.

[SQURCE: CEN/CLC/TR 16103:2010, 4.1.12]

3.1.5
ary energy
energy that has not been subjected to any conversion process

Note 1 to entry: Primary energy includes non-renewable energy and rénewable energy. The sum of prin
energy from all energy sources may be called total primary energy.

[SOQURCE: CEN/CLC/TR 16103:2010, 4.1.6]

3.1.6
se¢ondary energy
engrgy resulting from energy conversion of primary energy

EXAMPLE Electricity, gasoline, process steam, compressed air.
[SOURCE: CEN/CLC/TR 16103:2010y4.1.8]
Energy use and energy.consumption
A
ntitative reference(s) providing a basis for comparison of energy performance

Note 1 to entry: An.energy baseline reflects a specified period of time.

Note 2 to entry< X, An energy baseline can be normalized using variables affecting energy use and/or consump
such as production level, degree days (outdoor temperature), etc.

impjementation of energy performance improvement actions.

[SOURCE: ISO 50001:2011, 3.6]

3.2.2
energy consumption
amount of energy used

Note 1 to entry: Although technically incorrect, energy consumption is a widely used term.

Note 2 to entry: The manner or kind of application of energy is expressed as energy use.

[SOURCE: CEN/CLC/TR 16103:2010, 4.2.5]

or

ary

ion

Note 37to-entry: Energy baseline is also used for calculation of energy savings, as a reference before and a]fter


https://iecnorm.com/api/?name=6afeae6161daa47a5ab1e52f7074f32a

TR 62837 © IEC:2013(E) -1 -

3.2.3
energy demand
necessary supply capacity for the projected level of energy use

Note 1 to entry: When considering future trends, energy demand is often used in the sense of potential energy
consumption.

Note 2 to entry: Energy demand is often used in the context of supply-demand interaction where demand is not
given but dependent on external factors such as energy prices.

[SOURCE: CEN/CLC/TR 16103:2010, 4.2.3]

1 to entry: The energy end user may differ from the customer who might purchase the energy but does|not
ssarily use it.

1 to entry: The reduction is obtained by comparison against the baseline taking into account all adjustnjent

Note 2 to entry: Energy savings can be potential following an assessment or actual after implementing| an

energy use
nner or kind of application of energy

Note 1 to entry: Examples arelventilation, lighting, heating, cooling, transportation, processes, production lineg.

[SOQURCE: ISO 5000%:2011, 3.18]

3.2.7
energy using,system
physically defined energy consuming item with boundaries, energy input and output

Note 1/te_entry: An energy using system can be a plant, a process, part of a process, a building, a part ¢f a
building,7/a machine, equipment, a product, etc.

Note 2 to entry: Boundaries must be clearly delimited.

Note 3 to entry: Output can be energy, service, product.

[SOURCE: CEN/CLC/TR 16103:2010, 4.2.4]

3.3  Energy efficiency

3.3.1
energy efficiency
ratio between an output of performance, service, goods or energy, and an input of energy

Note 1 to entry: Both input and output have to be clearly specified in quantity and quality, and be measurable.
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Note 2 to entry: Examples are conversion efficiency, energy required/energy used, output/input, theoretical
energy used to operate/energy used to operate.

[SOURCE: CEN/CLC/TR 16103:2010, 4.3.1, modified — omitted notes 2 and 3 from original
and added a new note 2]

3.3.2

energy efficiency improvement programme

set of activities focusing on energy end users with the intent of providing energy efficiency
improvements that are verifiable, measurable or estimable.

Note 1 to entry: In the context of an energy management system, the definition would be, “action plan specifigally
aimled at achieving energy efficiency objectives and targets”.

[SOQURCE: CEN/CLC/TR 16103:2010, 4.3.5]

energy efficiency indicator
value indicative of the energy efficiency

Note 1 to entry: Mainly used as a metric in policy evaluation and in macroeconomic.studies.

[SOQURCE: CEN/CLC/TR 16103:2010, 4.3.8]

energy intensity
engrgy consumption per financial unit of output

EXAMPLE Gigajoule (GJ) per euro of GDP (gross domestic.product). Gigajoule per unit of turn over.

[SQURCE: CEN/CLC/TR 16103:2010, 4.3.9]

intrinsic energy efficiency
engrgy efficiency of a componentwhich is achieved by design

3.3.6

logd shedding
prdcess of deliberatelyndisconnecting preselected loads from a power system in response to
an[abnormal conditionvin order to maintain the integrity of the remainder of the system

[SOURCE: IEG.60050-603:1987, 603-04-32]

3.3.7
mgnaged- energy efficiency
en¢rgyefficiency achieved by systematic energy management

3.3.8
peak shaving
process in an electrical system intended not to exceed a maximum overall energy demand

Note 1 to entry: Peak shaving can be obtained by planning of the energy needs within the manufacturing system
or load shedding or autonomous energy production.

3.3.9

rational use of energy

energy use by consumers in a manner best suited to the realization of economic objectives,
taking into account technical, social, political, financial and environmental constraints

[SOURCE: CEN/CLC/TR 16103:2010, 4.3.12]
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3.3.10
specific energy consumption
energy consumption per physical unit of output

EXAMPLE Gigajoule (GJ) per ton of steel, Btu/ton of product, annual kWh per m2.

[SOURCE: CEN/CLC/TR 16103:2010, 4.3.10, modified — added in the example “Btu/ton of
product”.]

3.4 Energy performance

3.41
energy performance
measurable results related to energy efficiency, energy use and energy consumption

Note 1 to entry: In the context of energy management systems, results can be measured against |the
orgfnization’s energy policy, objectives, targets and other energy performance requirements.

Note 2 to entry: Energy performance is one component of the performance of the energy’management system.

[SOURCE: ISO 50001:2011, 3.12]

3.4.2

engergy performance indicator

EnpPI

quantitative value or measure of energy performance, as'defined by the organization

Note 1 to entry: EnPlIs could be expressed as a simple metrC) ratio or a more complex model.

[SOURCE: ISO 50001:2011, 3.13]

3.5 Energy management

3.5.1
energy management
coogrdinated activities directing and controlling the energy use of an entity

[SQURCE: CEN/CLC/TR 16103:2010, 4.5.1]

3.6 Automation process equipment

3.6.1
asset

physical or logical object owned by or under the custodial duties of an organization, having
either a perceived or actual value to the organization

Note 1 to entry: In the case of industrial automation and control systems the physical assets that have the largest
directly measurable value may be the equipment under control.

[SOURCE: IEC 62443-1-1:2009, 3.2.6]
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3.6.2
automation asset
asset with a defined automation role in a manufacturing or process plant

(E)

Note 1 to entry: It would include structural, mechanical, electrical, electronics and software elements (e.g.

controllers, switches, network, drives, motors, pumps). These elements cover components, devices but not

the

plant itself (machine, systems). It would not include human resources, process materials (e.g. raw, in-process,

finished), financial assets.

[SOURCE: IEC/TR 62794:2012, 3.1.4]

ities within an automation system
[SOURCE: ISO 15745-1:2003, 3.11]

3.1 Automation system

3.7.1

direct influence

enyironmental influence resulting from actuak product production by direct operation
mgnufacturing equipment

[SQURCE: ISO 20140-1:2013, 3.1.4]

3.7.2

indirect influence

enyironmental influence resulting from activities that support actual product production
direct operation of manufacturing equipment, in indirect mode of manufacturing equipm
andl operation and mainténance of the manufacturing support system

[SQURCE: ISO 20140-1:2013, 3.1.17]
3.71.3

input
prdduct; material or energy flow that enters a unit process

ch

of

by
ent

manufacturing support system
system which is used for providing the necessary other resource to a manufacturing system

[SOURCE: ISO 20140-1:2013, 3.1.30]

3.7.5
output
product, material or energy flow that leaves a unit process

[SOURCE: ISO 14040: 2006, 3.25]
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3.7.6
process
set of interrelated or interacting activities that transforms input to output

[SOURCE: ISO 14040:2006, 3.11]

3.7.7
product
result of labour or of a natural or industrial process

Not]

Corhmission adopts a similar understanding in the directive "Ecodesign requirements for energy-related produqg

In t
ma

[SOURCE: IEC 61082-1:2006, 3.1.11, modified — a note to entry has been added]

3.7.8

rel

emiissions to air and discharges to water and soil
[SOURCE: ISO 14040:2006, 3.30]

3.7.9

un
sm

dafa are quantified
[SOURCE: ISO 14040:2006, 3.34]

3.7.10

w
Su

[SOURCE: ISO 14040:2006, 3235]

e 1 to entry: This term is defined by "any goods or service" in IEC 62430 and ISO 20140-1:2013. The Europ|

he context of this standard, the term "product” does not cover the automation assets but only the output of
ufacturing or process plant.

pases

t process
[allest element considered in the life cycle inventery analysis for which input and out

te
stances or objects which the holder intends or is required to dispose of

Ban
ts".
the

Dut

4 | Abbreviations and-alphabetical index

4.1 Abbreviatediterms

APCC Advanced process control

BTU British thermal unit

CEN European Committee for Standardization

CLC CENELEC, European Committee for Electrotechnical Standardization
cVv Control variable

DCS Distributed control system

EMU Energy managed unit

EnPI Energy performance indicator
FC Function variable

IEA International Energy Agency
KPI Key performance indicator

MV Manipulated variable
SV Set variable
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4.2 Alphabetical index of terms
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A

asset 3.6.1
automation asset 3.6.2
Cc

corlnponent 36.3
D

deyice 3.p.4
direct influence 3.7.1
E

engergy 3.1
eng¢rgy baseline 3.2.1
engrgy consumption 3.p.2
engrgy conversion 3.11.2
engrgy demand 3..3
engrgy efficiency 3.B.1
engrgy efficiency improvementprogramme 3.B.2
energy efficiency indicator 3.B.3
energy end user 3.p4
engrgy intensity 3.B.4
energy'managed unit 3.p.3
energy management 3.5.1
energy management profile 3.5.2
energy performance 3.4.1
energy performance indicator 3.4.2
energy saving 3.2.5
energy source 3.1.3
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energy use 3.2.6
energy using system 3.2.7
F

final energy 3.1.4
|

inJirect influence 3.2
inplut 3.V.3
intfinsic energy efficiency 3.B.5
L

load shedding 3.3|66
M

mgnaged energy efficiency 3.B.7
mgnufacturing support system 3.V.4
o

oufput 3.V.5
P

peak shaving 3.5.8
primary energy 3.11.5
prqcess 3.V.6
prgduct 3.v.7
R

rational use of energy 3.3.9
releases 3.7.8
S

secondary energy 3.1.6
specific energy consumption 3.3.10

U
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unit process 3.7.9
w
waste 3.7.10

5 Generic models

5.1 Functional hierarchy of production systems

This document applies the description of the applications given by the hierarchy maodel| of
IEC 62264 which is shown in Figure 1. The main levels of the hierarchy are businessyplannjng
ang logistics, manufacturing operations management and control (batch, contintous,|or
discrete control). The levels provide different functions and work in different time\frames.

Leyel 4 may also include enterprise resource planning (ERP) and supplyichain managemgnt
(SEM), level 3 may also include manufacturing execution systems) ' (MES) and plant
infprmation systems (PIMS).

Level 4
Establishing the basic plant schedule for production, material use,
delivery, shipping, deterniining inventory levels, operational
management, etc.
Time frame: Months, Wweeks, days

Business planning
& logistics

Level 3
Work flow.Arecipe control to produce the desired end products.
Manufacturing Maintaining records and optimizing the production process,
operations management dispatching production, detailed production scheduling, reliability

assurance, etc.
Time frame: Days, shifts, hours, minutes, seconds

Level 2
Monitoring, supervisory control and automated control of the
production process.
Batch Continuous Discrete Time frame: Hours, minutes, seconds, subseconds ]
control || control [ Jcontrol [T L s
Level 1
Sensing and manipulating the production process
Level 0
The actual production process

IEC 23p6/13

Figure 2 shows the energy functions that may be installed in these levels. In the lower levels,
there are energy functions like real time measurement and control. In the higher levels,
optimisation and management functions are installed, including energy management.
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Energy functions

Level 4
Carbon foot print

Business_pl_anning Corporate social responsability (CSR) data
& logistics management
ISO 14001, ISO 5001 support

/‘\ Energy intensity (basic cost)
. Energy cost management
Manufacturing Analyse energy data

operations management

Planning energy conservation

Level 2 & 1

Advanced process control (APC)
Pump control by inverter
Multiple unit control

Electric power meter

Enthalpy calculation

Batch Continuous Discrete
control control control

Level 0 Eyhaust heat recovery

Thermal storage
Heat pump

IEC 2327/13

Figure 2 — Energy functions mapped over thefunctional hierarchy levels (IEC 6226

5.2 Functions in level 4

The level 4 of the functional hierarchy ofiproduction systems in IEC 62264 can be split ipto
tw@ parts:
o |Energy efficiency related to demand/response:

The activities of the factofy may change taking into account the outside environmgnt
conditions.

The outside environment communicates the energy availability using pricing and time
segments; this iscthe (supply side) demand. The system can react with planning gnd
scheduling of activities; this is the (consumer side) response.

NOTE Supply'side demand is not an energy demand in this context.
e [Energy effiCiency related to internal plant management:

Depending on the internal status of the plant, decisions may be made related]to
consumption, generation and storage of energy.

EXAMPLE Events that Iniluence ihe status of the plant Include raw material availlability, breakdowns,
staff planning, delivery planning.

5.3 Functions in level 3 or lower

In the context of level 3 and lower of the functional hierarchy of production systems in
IEC 62264, two basic aspects of energy efficiency are considered:

e intrinsic energy efficiency

e managed energy efficiency

Intrinsic energy efficiency is achieved by the design of components. Managed energy

efficiency is achieved by a systematic energy management, supported by automation systems
and systems integration.
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Whereas automation components usually account for only a small part of the overall power
consumption of a plant, they are key elements for building an infrastructure allowing energy
consumption control.

Levers to improve energy efficiency through automation include:

e measurement of energy consumption,
e qualification, control, testing, and certification of components and systems,

e condition monitoring for predictive maintenance,

angl accompanying issues like:

e [training and qualification of personnel, and

e |organisational issues and local regulations.
Engrgy efficiency measures should not compromise:

o [safety,
e |[security,

e |the level of services.
5.4 Application function and automation function

In jorder to identify the relevant production systems subsets to target for energy efficiefcy
improvement, it is important to analyse and describe-tHe involved assets in a structured way.

In different industry segments the energy use and the automation systems are different. [So
for|the analysis an application specific approa¢h’is important.

Applications are realized by combining automation assets, for example sensors, transmittgrs,
swltches, power drive systems, coptrollers, PLCs, valves. The hierarchical structure| of
aufjomation systems is on the other-hand quite similar throughout the industrial segments.

The two major structural dimefsions to analyse and influence the energy consumption of a
prdduction system are identified as:

e |application functions:

— the function-which is provided by an application device,
— exampleiclosing/opening of a valve,

e |automation functions:

— the-function which controls an application device,

—{/ example: control of the closing/opening of a valve.

Figure 3 shows the two-dimensional structure of automated industrial plants for the design
and analysis in regard to energy efficiency:

e the horizontal axis shows application generic and industry segment specific
application functions,

e the vertical axis shows the relevant automation functions.
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Application Functions
Industry Segments ————>
Process Industries Manufacturing Industries

Oil Refinery/ E Iron and « Pulpand; ... o i Machine
Chemical 1 Steel 1 Paper Automotive ! Assembly! Tools

*Plant
* Factory

*Unit
Processes

Functions
'_ q

* Condition

t=}

=
S}
=
<
=
)
3.
=
<
5}
<=
c
o

Monitoring
* APC
* Control
Loops

*Switch
*Control
*Measure

Generic Automation
Functions

IEC 2328/13

e term “generic” refers to general,purpose application functions such as, for example,
analog I/0 or digital 1/0. All other application functions are dedicated to industry segments, [for
example, in process industriesx il refinery, chemical, iron and steel, pulp and paper gnd
pharmaceutical; in manufacturing industries: automotive, assembly, discrete manufacturjng
ang machine tools.

During the design phase, the designers should choose a combination of automation asspts
with the application and automation functions which are the most appropriate in terms| of
engrgy efficiency for the specific application.

In the regular case, the application function consumes most of the energy. How much it
compsumes depends on:

o |its¢basic properties,

e its energy saving modes.

Depending on the sequence of the automation functions, the application function can be
controlled in terms of energy efficiency by maintaining the reliability of the overall application.

Each automation asset realizes at least an application function and contains one or more
automation functions (see Figure 4).
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Plant application

e N (" Apolicati ) ( e
L ication Application
Application module 1 PP PP
module 2 module n
Automation asset
Automation Automation
Automation Automation Application asset asset
function function function
Automation Automation
(9
Automation i
Automation Automation asset Automation
asset asset
Application Automation q
function function Aut:sn;::lon
.
Application (b
function Automation L, Automation
asset asset
e Automation (
asset
asset \
Application Os\
functi
unction L /‘ ) L )
\_ J
IEC 2429/13

Figure 4 — Plant application with automation assets

EXAMPLE 1 The automation asset pressure transmitter realizes the application function “analog 1/0” using|the
autpmation function “measuring”.

EXAMPLE 2 The automation asset closed loop controller executes the automation function “closed Ipop
confrolling” delivering the application funetion “input/output”.

EXAMPLE 3 A valve in a fluid-application realizes the application function “controlling flow” (by digital 1/0 pnd
andlog 1/0) and can contain one or more automation functions such as “condition monitoring” and secyrity

fungtions for other applications.

The same application function can be controlled by different automation functions. Thgse
aufomation functians deliver an equivalent application outcome, but may differ with respect to
engrgy efficiency.

6 | Generic tools and methods

6.1 Organisational issues

An important issue is the incorporation of the energy efficiency topic into the daily work of
standardisation. Each committee or working group should consider the energy efficiency issue
and if appropriate explicitly mention it in its standards, including the proposed measures. This
is in agreement with the IEC Directives Part 1: 2012, C.4.

6.2 Energy managed unit (EMU)

In order to evaluate the energy efficiency of a system, its boundary should be clearly defined.
The system could be a device, a production line or the entire factory depending on the
requirements for energy management.
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EMU is introduced as an energy related functional partitioning that allows us to define the
system boundary and provides generic methodologies for energy management in production
systems.

Figure 5 shows the architecture of EMU. In order to define energy efficiency, all input and
output across the system boundary of the concerned EMU should be quantified and evaluated.
Materials and energy which are necessary to produce a product are counted as the input to
the EMU. Products, reusable material, waste, release and energy are counted as the output
from the EMU. KPI can be defined as a function of input, output and driving parameters that
affect the energy efficiency of the EMU such as production volume and outside temperature.

boundary
input output
. EMU P
material product
energy reusable material
waste
energy

I

driving parameters
IEC 2380/13

Figure 5 — Energy managed unit{EMU)

In the process of energy efficiency improvement, it\is important to find the most inefficient
sulbsets of a production system. The concept of EMY can be used effectively to focus on the
sulbsets by flexibly adjusting the EMU boundary.>From the boundary around the entire factqry,
thg boundary of EMUs should be focused siiccessively around the most energy intensfve
sulbsets of the production system. This allews to direct the energy efficiency improvempnt
effprts where it matters and with the required detail.

Bepchmarking should be done under the same boundary conditions and KPI. Examples| of
industrial sector specific benchmarking are shown in B.5.

ISO 20140-1:2013 provides a-unit process model defining the system boundary. The concgpt
of [EMU is derived from the unit process model of ISO 20140-1:2013 (see Annex A) gnd
enables to define the ‘system boundary for all levels of the functional hierarchy defined| in
IEC 62264.

6. Generalrecommendations
6.3.1 Architecture of energy sourcing

Status

The results of analysing the efficiency depend on the scope of the system. This means that
optimising every subsystem and its components does not necessarily lead to the best overall
efficiency.

In the past the amount of energy for each process step was not relevant. This leads to an
unstructured way of energy feeding.

Recommendations

EMUs are the energy related functional entities.

The architecture of energy sourcing should be structured according to the EMUs in order to
facilitate dedicated energy control and measurement:
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e EMUs should have a single point of energy feed for each form of primary energy,
e EMUs should have standardised abilities to measure energy flows,

e relevant EMU components should have a standardised interface to read out energy flows.

Product committees are encouraged to develop and harmonise the work items corresponding
to the three recommendations above.

6.3.2 Managed energy efficiency

implies that:

e [the existing communication systems should be adapted to answer the new negds of the
energy management,

e |energy management profiles for the devices and equipment should be defined.

For the design phase and system integration (selection, installation, identificatipn,
comfiguration), the device description and modelling should include new aspects of the enefgy
efficiency profile such as:

e |operating modes (list of supported energy saving states, power consumption of states,
time to reach the states ...),

e |energy efficiency data (standardised set of energy (Characteristics and parameters fof a
dedicated application area),

e |energy efficiency classes for devices, equipment and systems taking into account {he
application, possible measurement and control of classes by establishing limits if relevapt.

Common definitions, vocabulary and semantic should be developed. This should be donq in
close coordination with ISO/IEC JPC2, “Energy efficiency and renewable energy sourcep -
Common international terminology”.

For each application, at the devi€e or the machine level, the following should be defined [for
thg application data:

e |the nature of the measurement (e.g. current, power...),
¢ |the characteristics.(unit, accuracy, tolerance, sampling period...),

e [the test methods:

These definitions should be done independently from the specific communication netwprk
tedhnologies,

The measurement of energy consumption should be appropriate to the levels described in §.1:

e “metering” for billing purposes, linked to the utility provider, usually applied at level 4;

e “cost allocation” for relationships between departments in the company, usually applied at
level 3;

e ‘“energy awareness” for optimisation purposes, usually applied at level 2.
“Metering” is already standardised at the national or international level. “Cost allocation” and

“energy awareness” have to be standardised to permit the energy efficiency interoperability of
the control systems with the devices.
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6.3.3 Low power states
Status

Switching off parts of a system during scheduled or unscheduled inactivity leads to a
dramatically better energy efficiency.

Recommendations

Components should have multiple energy states. Energy states often correspond to operating
modes

EXAMPLE The IEC 61800-7 series defines operating modes, such as "not ready to switch on", “ready to ‘swjtch
on”land “operation enabled”.

The state may be controlled externally (by a command) or internally (but, for example, payse
time may be sent by the controller).

This can lead to a totally different architecture of components with multiple) power domains:

e [low energy power management controllers with network interface(always active),
e |main controller and visualisation,

¢ |high energy functions for operation.
6.3.4 Standardised component interface
Status

Some manufacturers provide proprietary interfaces to read out energy data and manage
engrgy states.

Currently there are some (proprietary)\implementations: SNMP (private MIB) on standard
TCP/IP, ProfiEnergy on PROFINET,ZOEU on EtherNet/IP® and other CIP networks, gnd
others on BACnet™, Konnex (KNX®), LonWorks®, and Modbus®.3

Recommendations

Stagndardise a unique abstract model to access energy data and to control low energy modgs.
The model should describe the common concepts of the energy profile, the minimum sef of
dafa (current powef ¢onsumption, current energy state) and abstract services (read a ddta,

write a parameter,_send a command, etc.). The abstract model should provide interfaces [for
mgtering, cost«allocation and energy awareness, as appropriate.

This model'may be derived from existing implementations.

The“standardised model should then be supported by the existing and future industfial
network protocols.

6.3.5 Control systems
Status

Currently many production systems used in the process industry and the discrete
manufacturing industry are managed independently. This leads to:

3 The products described here are given for the convenience of users of this document and do not constitute an
endorsement by |IEC of these products.
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multiple sensors measuring the same value
(e.g. ambient temperature for the manufacturing process and for facility control),

concurrent close loop controls producing overshoot and undershoot of the process
parameters.

Recommendations

Control systems should integrate energy efficiency elements into normal control functions and
optimise energy consumption on the condition of not giving rise to any recede in normal
control functions, e.g. improving close loop controls performance via reduced overshoot and

un
resg

flershoot. Control systems should collect relative energy data which are necessany| to
lize energy consumption optimisation.

Define data items (format, semantics) for common interchange and global® procgss
vispalisation.

6.3.6 Classification and energy labels for components and systems

Status

In |the area of industrial automation components there is currently only an enefgy

cla

Re

Fo

committees should define, as an international standard in the automation community:

Th

ssification for electric motors.

commendations

each components and systems family, theX corresponding responsible technical

unified energy efficiency classes and data;
standardised test conditions for energycefficiency measurements.

b basis for informing end users aboutthe energy efficiency of products is the data from the

mgnufacturers’ catalogues. Energy -~ labels should be considered as complementary

inf

Te
eff

6.3.

Status

To

components and relevant simulation tools.

brmation, they are likely the responsibility of local governments (see Annex D).

Chnical committees shouldidefine methodologies to classify a system by using the enefgy
ciency data or class of its components depending on the application use.

7 Simulation of systems and components

jay, simulation of energy flows is challenging because of missing energy data of fhe

Re

commendations

Enable the simulation of the power consumption of the complete system. Objectives include
optimal process design, peak shaving, load balancing and allocation, process improvements,
scheduling and negotiating with the energy supplier.

This requires:

standardised component energy data supplied by the component manufacturer (see
below),

standardised data format (e.g. in AutomationML),

appropriate simulation tools.
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To enable simulation there is a need for component models that incorporate energy
considerations. Component suppliers need to deliver the characteristics of their components:

6.
6.
6.

load-dependent power consumption (table based or algorithm based),

power saving states with the declaration of

power consumption,
time to reach the state,
time to reach operative state (restart).

A

A

ure 6 is an example of energy data for the start up phase of a system and its poy

FigJ“
co

sumption.
tg;  Startup time
Psr Mean startup power
P, power consumption of Low Power State 1
t, Rampup time from State1 to State2
P, Mean rampup power from State 1 to State2
\J
P
N
O
t O
X Py P, t,XP, Pg+nxPy

IEC 2331/13

Figure'6.~ Start up phase of a system and its power consumption

Key performance indicators (KPIs) for energy efficiency
Basics for defining KPIs for energy efficiency

Definition of energy efficiency

ver

Energy efficiency indicators should be defined and managed with measurements for the EMU
as a pre-defined system boundary that is focused for immediate energy management.

The energy efficiency of industries and the relevant KPIs have been defined for each domain
separately. This TR recommends a standardised approach that relies on practical
methodologies to improve energy efficiency in all kinds of industries by defining specific KPls.

Defining a KPI and its target values will help to validate energy efficiency.

Energy efficiency according to the standardised approach of this TR is defined as benefit
divided by the energy consumption:
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energy efficiency = benefit / energy consumption

Since the benefit of a system is application specific it is not possible to describe generic KPIs
for energy efficiency.

6.4.1.2 Energy baseline model for EMU

The energy baseline model for EMU is the reference model that is used to calculate the
energy related KPI of an EMU.

The basis for the energy baseline model is the definition of energy efficiency in 6.4.1.1. i.ip a
grgph the energy consumption is plotted over the benefit, this graph shows the relationship
from 6.4.1.1 for a variation of both parameters (see Figure 7). The benefit for the industry is
sofne production related parameter, here called “production parameter”.

In [the practical approach, the energy baseline model is derived from the,existing enefgy
characteristics of facilities before any action for improvement is taken. Whén such parametgrs
as |production volume are applied to the model, the estimated energy Consumption can |be
calculated (see Figure 7). This model enables the verification of the effectiveness of an actjon
plan for improving a facility’s energy efficiency and the detection of an abnormal facility stajus.
The baseline period should be defined according to the facility<characteristics. The resultjng
eng¢rgy savings amount can be computed as shown in Figure 8.

A detailed but generic guideline of the energy baseline model is provided in Annex C.

energy consumption
\
(]

production parameter

Energy characteristics,

abnormal

before

baseline

energy consumption

energy consumption
energy consumption

production parameter production parameter production parameter

Energy baseline model Verification of the Maintenance of the
energy efficiency facilities
improvement IEC 2332113

Figure 7 — Creation of an energy baseline model

Ee=1(P1,P2,,Pnj

Es=Ee-Ea §
% Ee:estimated energy
§ before Es:saved energy

Ec: energy consumption 8 i

Ee: estimated energy > o ® | Ea: actual energy

Es: saved energy g after ]

Ea: actual energy s

Pn: related variable (For example: production quantity, P

product name, outside temperature, facility status, etc) PP = production volume

IEC 2333/13

Figure 8 — Measurement of energy savings
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The horizontal axis of the energy baseline diagram is the “production parameter” PP. For each
specific energy baseline model defined, the specific and characteristic production parameter
used for PP should be clearly indicated in a legend close to the graph or directly as a
descriptor for the horizontal axis.

6.4.1.3 Energy data for EMU

Energy data is reported to a higher level production system for the calculation of total energy
efficiency. This information includes the data set of actual energy consumption and its key
drivers such as production volume that are reported to the higher level system at designated

tlm 8 " geSirapte O BATEERILCLRAY. v yStem POV C—OPtTHSEeH o8 tO
lower level facilities that can be used to control set values and optimise total enefgy
copsumption. The reporting of information at shorter time intervals enables more(Cpredise
engergy management. This makes it easier to identify where energy is being wasted.
This TR recommends the creation of international standards for the structure of facility enefgy
dafa.
Table 1 — Guideline for EMU energy data
Objective Means Guideline
— | Reporting for the Reporting of EMU energy characteristics. | — (' Itjis recommended that higher level
optimised control of ) ) ) systems have reference ranges with
EMUs by higher Reporting of energy consumption and its upper and lower limits for EMU
level systems. drivers such as production volume at energy consumption and drivers su¢h
predefined time intervals. as production volume
— | KPI management ’
by higher level NOTE Time intervals: — Itis recommended to examine the
systems (L2 ~ L4) second, minute, hour, day, monthi¢year, reported information at each time
batch, etc. interval and to verify the
NOTE Defined by effectiveness of the energy efficiengy
IEC 62264 (ISA 95) improvement plan and EMU
maintenance.
— | Reporting for the
optimised control of — Time intervals are defined based or
related EMUs. EMU characteristics.

— Shorter reporting time intervals will
enable more precise energy
management and make it easier to
identify where energy is being
wasted.

A shorter time interval may incur in addgd

equipment, disturbances and operationgl

cost.
Expmple of EMU energy data:
o |ID offacility
o timre: c g ycar; IIIUIIth, day, huw, III;IIutU, second

time interval of report: e.g. 3 600 seconds

production volume: facility production volume (cumulative total)

unit of production volume: e.g. ton, kg

energy consumption: facility energy consumption (cumulative total)

unit of energy: e.g. MJ

number of related variables: »

value of variable 1: value of variable relating to facility energy consumption

unit of variable 1: e.g. °C

value of variable 2: value of variable relating to facility energy consumption


https://iecnorm.com/api/?name=6afeae6161daa47a5ab1e52f7074f32a

-30 - TR 62837 © IEC:2013(E)

unit of variable 2: e.g. %RH

value of variable n: value of variable relating to facility energy consumption

unit of variable n: e.g. h (cumulative operation time after start-up)

reference information: optional

type of facility: facility category
operation status: defined by ISO 22400-2
e status specific to facilities: defined for individual facility categories

While the energy intensity, as defined, is used in many contexts to compare the enefgy
efficiency of production systems, its dependency on financial values makes the\tgrm
unsuitable for stating any generally valid metrics for energy efficiency.

To| safeguard against disruptions in communications, it is recommended.to" calculatd a
cumnulative total for energy consumption and production volume. It is reeommended| to
aulgmatically reset the cumulative value if a calculation overflow occurs. Table 1 contajns
suggestions for EMU energy data.

6.4.2 Recommendations for defining KPIs for energy efficiency

Toward the goal of defining specific KPIs and target values, (this TR provides a standardiged
methodology for defining KPIs for energy efficiency. Someécactual examples will be attached
for|reference.

Four categories of KPIs are recommended:

- by EMU - for operations optimisation, benchmarking and process improvement;
- by product — for improving the energy €fficiency for similar products;

- by economic factors — for reporting, to management;

- by local regulation — for legal conformity.

Fiqure 9 shows a KPI as a funection of a driving factor. Energy used by the productjon
eqliipment varies depending ©n-the product amount and model. Production volume is a key
driving factor of KPIs. The ‘energy consumption of production equipment is also affected|by

enyironmental conditions stch as outside temperature. Environmental conditions should |be
taklen into consideration.as a driving factor for the energy efficiency.

KPI
Energy (J)

!

Driving Factor
IEC 2334/13

Figure 9 — KPI and its driving factor

KPIs should be defined by production parameters that are measurable and controllable for
process improvement. KPIs should be visualized and reported periodically for the verification
of validity.
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KPIs can be defined for various levels of production system hierarchy as shown in Figure 11.
A KPI and its target value can be specified for optimised operation by a higher level function
of production hierarchy. Optimisation of individual equipment will not necessarily provide plant
wide total optimisation.

For optimisation calculation, mathematical or experimental models of EMU should be provided
that include their energy consumption characteristics. Figure 12 shows an example of energy
consumption characteristics of EMU. The mathematical models are verified by real-time
measurement data during the actual operation.

Spgcific energy consumption should be a practical KPI. Deterioration of equipment in anE

ov
prg

Th
too
an
eff

r time should be taken into account. Monitoring of KPIs provides useful information
dictive maintenance that can prevent problems that interrupt plant operations.

pre are two aspects to comparing energy efficiency using a KPI. The first_is“that this i
| for the deployment of energy efficient best practices. Benchmarking shodld be equita
I universal. The second is that a KPI should be used to measure the degree by wh
ciency is improved in individual organisations. In this case, a KPI_.jshyrequired to prov|

continuity for the comparison without being affected by driving factors¢

Melasures for improvement should be equitable when used as adcredit for reduction activiti

Iti

Sts
eff
gre

WH

KP

5 necessary to generate an international KPI standard for this\purpose.

ndardisation of indicators for energy efficiency will invigorate activities to improve ene
ciency and make effective use of natural resources. These activities should result
enhouse gas reduction and also improve the profitability of companies.

ditions, various kinds of KPIs are necessary to measure and improve energy efficiency.

spgcific managing points that areeffective in improving total efficiency.

It i
ind

In
ca
st
as
rar

s effective to define KPJs for each level of a production system hierarchy, not only
ividual devices at the lowest level but also for EMUs in higher level production systems.

prder to improve jinternal production processes, it is necessary to properly define KPIs t

ndardise the‘set of necessary information that is used to calculate a KPI. Defining an E
a flexible) boundary for KPIs will make it possible to find effective actions that can
ked by priority for the improvement of energy efficiency.

6.4.3 Guideli for definina KB

ViU
for

)
ble
ich
de

gy
in

en there is a change in the production volume or the products, it is necessary to imprgve
engrgy efficiency by optimising total epergy use throughout a factory, rather than
ind’l'ependently optimising individual devi¢ces and facilities. As there are various product
co

on

Is that indicate the total energy-efficiency should be analysed by drill-down functions to fjnd

for

hat

be flexibly.and appropriately used in existing processes. To do this, it is also desirablg to

MU
be

6.4.3.1 Specific energy consumption

Specific energy consumption has been used widely as a practical KPI for the energy

ma

Ob

nagement of EMUs, including entire factories or plants.

jectives

Overall energy management at macro level.
Detection of wasted energy consumption.
Detection of abnormal EMU status due to deterioration.

Predictive maintenance of EMUs.
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Evaluation of the effectiveness of actions taken to improve energy efficiency.
ans

Reporting specific energy consumption for a complete factory.

Managing specific energy consumption of EMU (by measuring the deviation from
reference value).

Reporting specific energy consumption of product.

idelines

a

Th
the
wit]

B.5
se

6.4.3.2 Energy baseline model

As
beft
(nd
cuf

lingar regression analysis/Aslinear approximation is practical to describe the relationship 3

to
Fig
the

bi
the

ai

As a first step, it is recommended to implement specific energy consumption KPIs for
management of all the energy consumed by a factory.

Depending on the required level of management, the boundary for defining specific ene
consumption can be set at various levels of EMU, e.g. factory, production line; facility. |
recommended to push ahead the management by drilling the boundary-down into
detailed level.

If required, a time interval for measuring specific energy consumption can be designat
It is easier to detect wasted energy consumption and facility(deterioration if KPls

measured at shorter time intervals (e.g. from year to month{month to day, day to hg
hour to minute).

b specific energy consumption KPI is a good and valid <indicator for comparison only wh

EMUs are dealing with very similar products, with similar processes. Cross comparig
h dissimilar EMUs may lead to gross errors.

shows examples of target values of per unit.ehergy consumption (benchmark) by indus
tors.

explained in 6.4.1.2 and Annex C¢an energy baseline model represents the relations
ween energy consumption and—the key drivers. The relationship between product

ve. In many cases the equation for the “best fit” line can be easily determined throd
compare EMUs from the point of view of energy consumption and product outcor

ure 10 shows an energy baseline model described by the linear equation y = ax + b W
following important parameters, which can be used to perform the comparison:

5 the fixed~energy consumption; it represents the energy consumption needed to oper
EMU for-a product outcome of 0;

5 the.multiplier; the multiplier is production (number of units) independent, and represe

he

M
 is
he

9%
o

are
ur,

en
on

hip
on

mber of units produced, or quantity of product) and energy consumption is in general a

gh
nd
ne.

ith

hte

the

incfemental energy consumption per unit.

When there is a non-zero fixed energy consumption, the energy efficiency of an EMU is
greater for large production volumes. In Figure 10 production X is less energy efficient than
production X.


https://iecnorm.com/api/?name=6afeae6161daa47a5ab1e52f7074f32a

TR

62837 © IEC:2013(E) - 33 -

energy

6.4.3.3 KPI for plant wide optimisation

Fi

9

Th
req

co
en

As
fun
ent
of

diff
ne
fun

Fi

9

saﬂ:sfy the constraints that are not compatible. Energy efficiency has become an import

X, X4
production IEC 2335/13

Figure 10 — Characteristics of the energy baseline model

ure 11 shows a hierarchy of production systems with reference toEC 62264-1:2013.

b changing economic environment such as market demandenergy cost, and environmer
uirements has pushed manufacturing industries to optimise their production processes

straint that should be satisfied in addition to the athers. It is required to minimize
prgy consumption without loss of production.

shown in Figure 11, a manufacturing enterprise is organized into a multilevel hierarchy
ctions. The total system may be divided ‘into subsystems and equipment. Generally,
erprise operates the total factory to maximize or minimize an objective function. Examp
objective functions are profit, cost, quality, energy efficiency and so on. Usually,

erent objectives are not compatiple: So, an optimum operation of the total factory

tal

ANt
he

by
an
es
he

is

cessary by finding the values of(\the variables that minimize or maximize the objectjve

ction while satisfying the constraints.

ure 11 shows the information flow between subsystems using the notation of CV and M\.

(controlled variable) and MV (manipulated variable) are the terminologies in proceéss
comtrol. In Figure 14,)CV represents a set of present status including KPIs in the layer tha
orted to the upper layer. The upper layer system calculates MV that is sent back to

er layer as«atarget value for control. The level 4 system can execute the calculation
nt-wide optimisation using the CV from the lower level systems. KPIs are defined in ez
| and-gcontrolled to their optimum values by the system. However, controlling individ

is
he
for
ch
pal
he
le,
ile

energ} efficiency is the objective function. Figure 12 shows a typical load versus efficiency
characteristics of equipment that is used for optimisation.

This MV is a command for the lower level systems to operate for the plant-wide optimisation.
As KPIs and the measured values are key information for plant-wide optimisation, it will be
efficient to use a common structure of information. It is recommended that the structure of KPI
description is standardised making reference to ISO 22400-2 as shown in Table 4.
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Figure 11 — Production system h

aY
e

uirement.

ENKEI” control, explained in(CCAnnex E, is a generic

Ergy.

optimisation of the total energy consumption of a factory is an energy managem

hnology that maximizes thé. total energy efficiency by controlling individual equipm
ities to work in concertswith each other and by harmonising the demand and supply

IEC 2336/13

ierarchy

rol
ent
of

concept of optimisation con
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Energy Consumption Characteristics of Equipment

Followings should be specified for optimum operation:
*Maximum and Minimum Operation Limit

*Energy consumption characteristics for the output range
*Energy consumption for start up

*Energy consumption for shut down

Energy
Consumption _
|
4

I

Energy Effici:ency
H Product quantity

Output:

Lower Limit Upper Limit

IEC 2337/13

Figure 12 — Energy consumption characteristics of equipment

b energy consumption characteristics of equipment shiown in Figure 12 should be provig
a kind of energy information of equipment for applying-RENKEI control for equipment lev

e following should be specified for optimum opération:

maximum and minimum operation limit,
energy consumption characteristics for'the output range,
energy consumption for start up,

energy consumption for shut down.

6.4.3.4 KPIs for EMU

Th

e definitions for two KPIs’' for equipment and the related EMU energy data are provided

examples.

KPll 1: Current status of energy characteristics of EMUs

Th
po

s KPI indicates the current status of EMU energy characteristics such as instantaneg
ver, enerdy consumption, demand, and fuel consumption rate.

ed
el.

as

us

KPI'2:/Deviation from energy baseline model for EMUs

This KPI indicates the deviation between the actual energy consumption and the value
estimated by an EMU energy baseline model. It is used to detect wasted energy consumption
and abnormal EMU status and to verify improvements in energy efficiency. This KPI is
calculated by an upper level system or by a facility’s embedded processing function, and is
reported to related organisations or other upper level systems. Upper level systems calculate
the KPI based on EMU energy data and optimize production scheduling using the calculated
KPI. This KPI is also used to verify EMU maintenance.

Table 2 summarizes the definition of the two KPlIs.
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Table 2 — Guideline to define KPIs for EMU

Objective Means Guideline
— Comprehend the current status | KPI 1: Current status of energy The selection of proper indices for
of EMU energy characteristics. characteristics of EMUs: EMU functions and characteristics

i ded.
a) EMU output and specific energy IS recommende

consumption, corresponding to
key drivers;

b) indices such as energy
conversion efficiency and
production power rate that
indicate current status of EMUs;

c) EMU energy characteristics.

— | Detection of wasted energy KPI 2: Deviation from energy It is recommended to studythe

consumption. baseline model for EMUs: adoption of a), b) and &))in this
; sequence.

— | Detection of abnormal EMU a) deviation between the actual g
status and performance of energy consumption and the The deviation can'be detected as
predictive maintenance. production volume value an absolute value or a rate of

— | Verification of effectiveness of estimated with the energy deviation (in-case of linear
improvement actions. baseline model, approximation (y = ax + b), Aala and

b) deviation between the actual Ab/b arethe deviation faCtOrS).

energy consumption and the The-EMU operating status should

vaIl_JebTor relf_tedtdaivirli th be defined based on the concept pf
variables estimated with the the time model defined in

energy baseline model; 1SO 22400-2

c) deviation between the actual
energy consumption and the
operating status value
estimated with the energy
characteristics modelh

6.4.3.5 KPlIs for products

KP|s for products can be used to calcufate a product’s energy footprint, manage product costs,
and evaluate improvement actions._It\is noted that intermediate products are included as well
as [the final product.

The following two KPls are_proposed:

a) |Energy consumption toe produce a unit product (energy intensity of a product).

b) [ The deviation Wetween the actual consumption per unit product and the consumptjon
estimated based on its energy baseline characteristics.

A product unit-is selected, e.g. ton, kg, unit, and lot, depending on product properties gnd
delivery. Examples of practical KPI units are GJ/ton and J/unit. The product energy intengity
caf be-Gsed to determine the energy footprint and carbon footprint of a product. This will
improve-the cost management for each product.

The energy consumed to produce a unit product can be a precise index for energy
management. It is derived from a model that is based on the relationship between energy
consumption, production volume, and other driving factors.

Deviation from estimated consumption based on a product’s energy baseline characteristics is
represented as an absolute value or a degree of deviation (%).The deviation can be managed
to improve the energy efficiency of the production processes and evaluate the effectiveness of
an improvement action plan. It also facilitates the detection of unexpected abnormal
operations during the production processes.

Measuring the basic energy consumption for each product will become more difficult as
production processes increase in complexity due to factors such as product materials and
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parts. Contributing to this is the fact that many production facilities are operated in parallel
and/or in sequence, requiring intermediate stocks between production processes.

It becomes difficult to allocate energy consumption for each product based on the driving
factors in the production process. So, it is practical to measure the energy consumed by the
key driver in the product production process. It is recommended to perform a prorated
allocation of other energy consumption to the product based on production volume or number
of units sold.

Table 3 summarizes the definition of the two KPlIs.

Table 3 — Guideline for the definition of KPIs for products

Objective Means Guideline
— | Energy footprint of a product. 1) Energy used for producing a Production processes involve many
unit product. kinds of facilities:

— | Carbon footprint of a product.

(L]

NOTE 1 Ton, kg, unit, lot, etc. | With batch-pracesses that produc|
a variety(of products, it is generally
difficult to ' measure energy
consufmption for a specific produgt.

—| Cost management.

— | Verification of effectiveness of 2) Deviation of actual energy

production process consumption from the energy

improvements. baseline characteristics of the It 16 practical to measure the
product. energy consumed by the key
NOTE 2 GJ/t, kJ/unit. prOdUCthn driver. It is

recommended to allocate other
energy consumption to the produ
based on production volume or
number of units sold.

—_

When a reference value f or the
production of a unit product is
provided, it is easy to verify overd|
improvement in production
processes.

The energy baseline characteristics should be provided for a product.
How to measure the energy.consumed to produce a product is explained in B.6.

Spgcific energy consumption has been used as a practical benchmark that is generally
application specific,~lf;is recommended to develop a standardised methodology to measpre
thg energy consumed’to produce a product.

6.41.3.6 KPls for local regulation
P

KPls should be defined so as not to violate local regulations and should be good proofs| of
engergysmanagement compliant with local regulations. Local regulation such as the "Enefgy
Efficiency Act" in Canada requires energy using products to meet the requirements that may
vary depending on the circumstances in each country. Energy efficiency of a final product is
one of the key requirements of local regulations and is performed by its design. Local
regulation may require a factory to report the energy consumption to produce the product. In
such cases, specific energy consumption can be a KPI that can be broken down into detailed
KPIs defining the boundaries of energy management units in the lower layers as described in
6.4.3.3. Target values of KPIs, as provided in the Act on the Rational Use of Energy (METI,
Japan) are shown in B.5. Environmental requirements should be considered to define KPIs as
well as energy efficiency.

6.4.3.7 KPI description based on ISO 22400-2

Table 4 represents the comprehensive energy consumption KPI, as described in ISO 22400-2,
and based on the ISO 22400-2 model.
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Table 4 — KPI description based on ISO 22400-2 model

Namel/title of index: Comprehensive energy consumption

Description

Benefit / application: Comprehensive energy consumption is the ratio between all the energy consumed in
a production cycle and the produced quantity

Time behaviour: Demand-oriented, periodic

Definition and calculation

Formula: e = EIPQ =(IMi*Ri + Q) | PO

e: unit energy consumption of statistical object, standard quantity / ton

E: comprehensive energy consumption, standard quantity

Mi: actual consumption of certain kind of energy, ton (kilowatt hour)

Ri: conversion coefficient of certain kind of energy, standard quantity Aton

Q: algebraic sum of effective energy exchanges with environment; standard
quantity PQ is expressed in tons

Unjit/dimension: Standard quantity / ton

Rating: Min.: 0
Max.: related to product

Trend: the lower, the better

Analysis / drill down: Related to product, to statistics unit

R¢marks

Ngtes / explanation: Energy consumption is an important factor impacting the production costs
and final profits

Cqrporate level Worker, master, chief, management

Effect model: To be determined

Prpduction type: Continuous, batch, discrete

NQTE The conversion coefficient Ri is us€d to unify the measurement modes of different energy types, py
which a certain kind of energy can be changed into standard quantity (e.g. the unit of R/ for water is standqrd
gyantity/ton; for electricity the unitwxof) Ri is standard quantity/kilowatt-hour.) The comprehensive energy
consumption indicator is used with,fa_collection of standard quantity conversion tables, which are unique for
different industries.

7 | Applications

7.1 The application point of view
7.1.1 Energy consumption in industry

Invlestigations in machinery have shown that the basic energy consumption in a plant is abput
three quarters of the whole amount of energy consumption. Only one quarter is needed for
operation of the process. Experience shows that the machines really produce only between
15 % (in lower volume production) and 40 % (in higher volume production) of the whole
operating duration. The rest of the time the machines are just waiting or in a tool change state.
However during this time the basic energy consumption continues. Thus there may be energy
savings of 10 % to 25 %.

The portion of energy consumption of automation components is relatively small in
comparison to the whole machines and plants. This is true especially in plants with high
volumes of thermal and/or mechanical energy conversion, like heaters/coolers/pumps, etc.
However in plants without these high consuming components the portion of energy
consumption of the automation equipment may be more significant.
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The manufacturing infrastructure today consumes a large volume of energy for itself due to
today’s designs and working concepts. Almost all of the electrical energy consumed by a
manufacturing plant is finally converted into heat and dissipated into nature. Only a very small
portion is stored somehow in the product and available for further use.

Therefore it is an important starting point to analyse the energy consumption that is needed
by the manufacturing infrastructure while it is not manufacturing any products. The
manufacturing systems engineering will change the construction of machines and plants
significantly in the next decade in order to reduce the large mismatch between the minimum
energy consumption needed for manufacturing and the energy demand of the real system.
Thiswitttraveeffectsomtheautommatiomtechmotogy:

Anpther important starting point affects the process design itself: which steps andyin) whjch
sequence are taken.

In machines and plants (without the heating of buildings) electrical and chemi¢al (fuel) enefgy
is gonsumed. Automation technology traditionally only serves for the transport and control of
elglctrical energy. This reflects only a very small portion of the totally consSumed energy.

In the conversion from electrical to mechanical energy (drives), the’intermediate hydraulics
and pneumatics are not covered by automation technologies. In<these areas only the intrinsic
energy efficiency can be improved. Energy saving motors are already stretching the limitq of
physics. The drive electronics has been optimised for efficiency through design for some time
already (compactness, reduction of cooling efforts). In gearboxes a further reduction of|all
kinds of friction, including oil splashing losses, is expected. The total energy efficiency in
elglctrical drives (consisting of electronics, motor and~gear) is at a very high level today, abput
80(% to 90 %.

Automation traditionally does not cover:

e |Efficient use of the mechanical energy in machines and plants. This is determined |by
process and machine design. This is where the main efficiency potentials are. The
influence of automation is marginal-

o |Application of frequency converters in the transport of fluids. This reduces the frictjon
losses which accrue extremely at mechanical restrictions of the volume flow.

¢ |Application of frequenty converters in the transport of piece goods and bulk goods. The
mechanical restriction of mechanical movements is frequently used today at smaller
transport tasks.

e |Reasonable use of other energy forms in machines and plants. This is determined|by
process and\'machine design. This is also where the real efficiency potentials are. The
influencefof-automation is practically zero.

Automatien technology is the main carrier of all algorithms and actions which can reduce the
energy eonsumption of machines. Due to the energy efficiency issue the management| of
machines and plants will become significantly more complex and directly affects the
automation technology.

The pressure from politics and competitors and finally from the machine OEMs will increase.

Six areas of actions can be identified:

1) securing that automation technology in future can handle all algorithms and behaviours of
the machines,

2) equipment for measurement of energy and power flow,

3) energy efficient operation of manufacturing by operation and control tools comprising the
energy efficiency,
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4) design tools for energy efficient machines and plants (engineering of the support process
‘energy savings”),

5) new energy efficient automation components and components for energy efficiency
support processes,

6) reduction of energy self-consumption of automation components.

7.1.2 Characteristics of production processes

In the industry supply chain, upstream industries such as iron, steel and oil refining process
raw materials into intermediary products, which are converted into finished products by
doynstream industries such as automobiles and consumer electronics.

Table 5 depicts the production processes categorized in continuous, batch and)discrete
prgcesses by their corresponding controlled objects, industry sectors and type of control.
Bajch processes are located between continuous and discrete processes, and they are ofien
hybrids.

Table 5 — Characteristics of production processes

Types of process Continuous Batch Discrete
Controlled objects Gas Liquid Solid
Liquid Powder
Industry sectors Oil refinery Chemical Automotive
Chemical Pharmaceutical Appliance
Iron and steel Foodrand’beverage etc.
Pulp and paper etcy
etc.
Type of control PID control PID Sequence control (PLC)

Sequence control (PLC)

Types of
aytomation

PA (process automation) FA (factory automation)

In gontinuous processes, the controlled objects are mainly gas and liquid. Process parametgrs
arg controlled mainly by PID control performed by a distributed control system (DCS).| In
discrete processes( solid parts are assembled into products on a production line thaf is
comtrolled by sequence control performed by PLC. Chemical, pharmaceutical, food 3nd
beyerage are categorized in the batch process that is controlled by some combination of RID
angl sequence-control.

7.2 Discrete manufacturing

7.21

nesrrlpflnn

7.21.1 General

Discrete manufacturing is described by using examples from the automotive production.

7.21.2 Structure of the automotive production

Automotive production is split up into several production shops. Each of these has different
requirements, machinery and technologies to be used. In addition they are different in the
usage, form and amount of primary energy. To reflect as many topics as possible the authors
interviewed members of the planning and operations group of each shop and analysed
documents describing the processes of the shops.
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Facilities & Buildings
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Figure 13 — Model of automotive production
In Figure 13, the shops described in 7.2.1.3 to 7.2.1.5 are marked in bold.

To|reduce complexity, we have focused on the following areas:

e [building automation and facility management (see.7.4.2);
e |power train manufacturing (engines, axles and\transmissions);
e |paint shop;

e [body shop.

The descriptions below only list itemsspecific to the particular shop.

7.21.3 Power train manufacturing

Seyperal studies show that switching off unused components of a line during inactivity leadq to
large energy savings.

Efflciency is best when operating the lines and systems in “impulse mode” (100 % on when
neg¢ded, off when'not needed) rather than partly loaded.

Experiments\were made where components are switched off externally. The controller gnd
display fuhctions have to remain on because of software and configuration updates during the
night., This leads to a lower efficiency.

Known issues

When designing new lines, currently the most driving factor is the component price.

When designing new lines and systems, components are often oversized due to:

e lack of knowledge of the system application;

e uncertainty of later applications (changes).
7.21.4 Paint shop

The system architecture today is not arranged for controlling the energy consumption of
specific lines. For instance, stations of multiple lines are connected to one transformer station.
Therefore it is not possible to measure the energy consumption of a single line.
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The amortisation time of improvement programs has been increased from 1% years to nearly
3% years.

There are certain simulation and calculating models for:

e material flow;

e manpower (8 h shifts, week-end work).

These models should be enriched by:

e [energy consumption (currently only peak values are considered);

e [emissions.
7.21.5 Body shop

Knlown issues
Currently there is not enough “pressure” through legislation towards energy efficiency.
There are not enough energy efficient products on the market.

7.2.2 Recommendations for discrete manufacturing
7.2.2.1 Production management

Toglay factories are designed only according to material flow. Factories should be designed
alsp according to the flow of energy. This requirés sufficient models of the components gnd
todls to simulate these system process parameters.

Sysgtems should have dedicated interfaceso measure the energy flow.

e |ldeally these should be incorporated‘into the devices.
e |[If not possible a standard measuring interface should be provided.

e [Most electrical and electronics device have and provide this information today but only ip a
proprietary way. Here a standard data interface should be provided.

¢ |Having a self-learning function within the devices, these could alarm to the controller when
diagnostic parameters go out of a predefined range.

7.2.2.2 New technologies

The usage offadvanced technologies improves the energy efficiency on the component gnd
system level:

e [thé'use of “cold” technologies to dry and harden adhesive and varnish;

41 £ IR N Pt
o t1e usc Ur reguiaieu durives,

e the use of frequency inverters instead of unregulated motors improves the efficiency when
components are not fully loaded.
But: This increases the amount of reactive power and energy loss within cables.

7.2.2.3 Closed loop controls

A closer measurement of the energy flow enables a closer control of process parameters (e.g.
room temperature).

Using a “supervisory controller” (see Figure 14), instead of multiple closed loop controls
influencing each other, leads to a better performance (no oscillation). A negative effect is the
increasing dependency of the systems.
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7.2.
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7.2
Si

=

7.3

IEC 2339/13

Figure 14 — Supervisory control

2.4 Optimal dimensioning of systems

en current and future energy consumptionscare available, they should lead to:

cost and energy reduction because of*gptimal dimensioning of components and systemsq;

lower price for purchasing energy' because of exact forecasts associated with pegak

shaving;

a need for a strategy for switehing off lower privileged systems during power peaks (Iq
shedding).

.2.5 Components
nple and cheap external sensors are needed with:

a powerline_communication interface, line powered;

wireless-Communication and energy harvesting supply.

Process industry

7.

1 nesnrllr_\hnn

7.3

Mo

1.1 Characteristics of process industry

st process industries are energy intensive and need both thermal and electric energy.

ad

So, thermal energy management is quite important for improving the energy efficiency of
process plants. The following are key points for the rational use of thermal energy in factories:

rationalisation of combustion of fuels,
rationalisation of heating and cooling as well as heat transfer,
recovery and utilisation of waste heat,

rationalisation of conversion of heat into power, etc.,
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e prevention of energy loss due to emission, conduction, resistance, etc.,

e rationalisation of conversion of electricity into power, heat, etc.

It should be emphasized that process automation has been playing an important role in
improving energy efficiency through the provision of solutions for rationalisation.

7.3.1.2 Automation function

Process industries such as oil refining, chemical, iron and steel, pulp and paper, and cement
are energy intensive. Energy efficiency in the process industries has been improved
significantly through the use of process automation technologies. In process plants, there fre
many kinds of process variables such as temperature, pressure, level, and flow rate. [ hgse
prqcess variables are monitored and controlled to the target values by process automatjon
sygtems with the primary goal of process improvement. A subsequent goal is thatthé enefgy
efficiency of the plant is improved. These process variables are reflected tornthe real time
vellification of KPIs for energy efficiency.

In | many plants, production processes such as heating, cooling;y vaporisation, gnd
comdensation are widely used. As those processes are usually operated by thermal enerpy,
theg energy efficiency is quite dependent on the efficient utilisation_of(thermal energy includjng
heat recovery. Compressed air and steam are key energy sources<as well as electricity. There
arg many field devices that are operated by compressed air and“steam. Detection of leakyg in
compressed air and steam supply systems is important to reduce the useless consumption of
energy.

Prgcess plants often operate at varying load conditions such as production volume and/or
prqduct grade change due to market conditions. &Vhén load conditions change, set pointg of
related process variables will be changed to optimum values to optimise the load balancg of
equiipment throughout the plant. Plant wide optimisation is done, taking total energy efficienpcy
intp consideration.

In the pulp and paper industry, for example, many mills make different grades of paper oh a
single paper machine that is highly.energy intensive. In the grade change process, all of the
paper machine’s equipment is stapped in a programmed sequence to carry out the necesspry
prdcedures such as draining, washing, filling, and so on. After these procedures the systen is
redtarted again. Automated.:grade change minimizes the downtime and reduces the enefgy
comsumption.

In pummary, precise mmeasurement and control of the process status by process automatjon
sygtems have been making great contribution to improving the energy efficiency of the
prqcess industries.

It is recommended to generate a technology list of measurements and automation functigns
that should be versatile and effective for different types of applications. Some examples gre
shcrwn in Annex F.

7.3.2 General recommendations for the process industry

As stated in 6.4.1 and in Figure 3, process industries consist of a wide range of industry
sectors. A production system is configured in a functional hierarchical architecture as defined
in IEC 62264-1:2013. It is difficult to develop a single generic standard that can be applied to
all industry sectors and production system hierarchies.

It is recommended to develop some generic methodology that enables to define specific
performance indicators by which “Plan, Do, Study and Act” type of continuous improvement
cycles can be propelled effectively. The methodology for defining the system boundary and
KPIs to manage the energy efficiency is also recommended. In order to manage plant wide
optimisation, it is recommended to standardise the energy data of automation assets.
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7.3.3 Existing standards

There are no specific standards at this time. There are some energy efficiency related existing

KP

Is (shown in B.1) and target values of KPIs by industry sectors in Japan (B.5). Other useful

related information can be found in:

IEC 62264 (all parts), Enterprise-control system integration

ISO 20140-1:2013, Automation systems and integration — Evaluating energy efficiency and
other factors of manufacturing systems that influence the environment — Part 1: Overview and

geferarl principles

ISQ 22400-2, Automation systems and integration — Key performance indicators |for

mdnufacturing operations management — Part 2: Definitions and descriptions4

ISQ 50001:2011, Energy management systems — Requirements with guidancefor use

7.

4 Gaps

Repulations are different in every country and may be product specific. There is no accepied

in
auf
Th

of
eff

Mo
teg

3)

i$ recommended:

ustry standard for developing energy efficiency performmance metrics for procgss
omation.

bre have been a lot of automation functions implemented in the process industries. Some
he controlled parameters/values in the automation/function can be re-positioned as enefgy
cient KPlIs.

re energy efficient automation functions.gan also be designed where new procégss
hnology is introduced and/or a RENKEI solution is needed.

.5 Specific recommendations

To define energy efficiencytas a component, as part of a system, and as part of a facilify’s
energy management ssystems and practices. Improving industrial energy efficiepcy
requires a mix of compatible standards and policies.

To standardise aSmethodology for defining the boundaries of a facility so that it may|be
handled as an-energy management unit. It is practical to start energy management usjng
broadly defined boundaries. When key factors for improving Energy Efficiency are
analysedthe initial boundaries can be narrowed down by focusing on the specific faqtor
that is—~to be improved. Flexibility in defining such boundaries enables practical
improvements in energy efficiency that can maximize the utilization of existing facilities.

To define KPIs for appropriate function levels and subsystems by taking the approaches

proposed in 6.4. Through the use of these management indexes, it is possible to conflrm

4)

5)

6)

4

the implemented automation functions and the results achieved in improving energy
efficiency.

To develop and standardise a methodology for the measurement and verification of
energy efficiency. When making comparisons, it is necessary to ensure fairness.

To set a numeric KPI target for benchmarking. KPIs are provided for products, equipment,
facilities, industry sectors, and other levels. B.5 shows examples of KPI target values by
industry sector.

To standardise the energy performance test procedure.

To be published.
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7) To generate a list of automation functions that enable improvements in energy efficiency
and to link each automation function with a specific energy efficiency improvement.

7.4  Support functions

7.41 General

Many different support functions exist, e.g. for logistics and material handling. Examples here
are given for building automation and facility management.

7.42 __ Building automation and facility management

There are a lot of different and specialized control systems in use today. Especially” the
staIIer systems often do not have a network interface because of price reasons.(This fact
reqults in many small control applications which are only manageable manually.

Bup/network interfaces in use today are5:

e |BACnet™
o [EtherNet/IP™, DeviceNet™ and other CIP networks (IEC 6178431 'and IEC 61784-2, CPF
2)

e [Konnex (KNX®)

e |LonWorks®

¢ |Modbus® (IEC 61784-2, CPF 15)

e |PROFIBUS and PROFINET (IEC 61784-1 and IEC)61784-2, CPF 3)

There are advantages when facility controls arexinterconnected with production systems. This
is the case in some of the newer plants and it'is“seen as a big advantage.

EXAMPLE Air condition and lighting can be switched adaptively even when the production schedule is chanped
dynfamically.

Knlown issues
There are not enough sensors (a@rea-wide) for a closer control and measurement due to:

e |the component price,.and

o |the lack of sufficient (low cost and standardised) interfaces.

Sygtems and camponents do not have proper means to measure their current inrush/power
compsumption,

8 | Components

8.1 The component Specific View

There are different potential solutions for achieving the lowest power consumption as possible
depending on the character of a device. The following different classes of devices can be
identified:

e transmitters (sensors);

e actuators (electrical drives...);

5 The products described here are given for the convenience of users of this document and do not constitute an
endorsement by |IEC of these products.
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control devices;
power supplies;

specific devices related to energy efficiency applications.

Examples here are given for actuators only.

8.2 Actuators

8.2.1 Electrical drives: regulate or self-learn optimal energy efficiency

St4tus

Sygtem designers have to specify drive parameters without knowing all (dynamicajly)
changing parameters of the motor, gear box, belts, reels, etc., and the load.
Recommendations

Elgctrical drives should regulate or self-learn the parameters for optimal,energy efficiency.
8.2.2 Electrical drives: standardised intermediate current link

Status

Intermediate current links of different manufacturers are incompatible.

Recommendations

Define a standardised intermediate current link>for electrical drives (voltage, connector and
synchronisation).
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System boundary

ISO 20140-1:2013, Figure 4, shows the unit process model that has been developed for
environmental impact evaluation, based on the standardised life cycle assessment (LCA)
method. The unit process model provides a means to clearly define these boundaries.

En
int
life
infl
€q

Sy9

il

lipment to produce individual products.

vironmental influences through the manufacturing system life cycle phases are classif]
b the three categories of “direct influence”, “indirect influence” and “manufacturing.syst
cycle influence”. Inputs and outputs in the horizontal direction constitutecthe “dir
uence”, they are the inputs and outputs directly involved in the operation of manufactur|
Inputs and outputs in the vertical direct
stitute the “indirect influence” and the “manufacturing system life cycle influence”. “Indir,
uence” is made of the inputs and outputs associated with the maintenance of a product
tem, while the “manufacturing system life cycle influence” represents)the support provig

over the entire life cycle of the production system.

Figure A.1 and Figure A.2 are derived from ISO 20140-1:2013, ‘Figure 4. Figure A.2 illustra
focus of this technical report.
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Figure A.1 — Unit process model
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Figure A.2 — Unit process model dealing with the-direct and indirect influences

ure A.3 shows the process unit role in the definition and context of a plant. Figure A.4

@W

Fig ’
taken from IEC 62264-1:2013, Figure 5, shows:how process units provide a common mogel
forlequipment in plants from different industrial)sectors, arranged in a hierarchy describing a
generic enterprise.
Site
Site facilities -
and utilities =il
Manufactliring support system ~ Manufacturing support system
Plant — o Plant L
* Plant facilities Buildin Plant facilities Buildin
and utilities 9 and utilities 9
Area ?Q’ Area Area Area
) Work Work Work Work Work Work
center center enter center center center
IEC 2342/13

Figure A.3 — Process units in the definition and context of plants
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Annex B
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Current approaches for KPIs for energy efficiency

B.1 Existing KPIs
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European Directive 2010/31/EU (2010-05-19)
Energy performance of buildings (recast of 2002/91/EC Directive)

e Directive concerns the residential sector and the tertiary sector (offices, public buildin
uly integrated approach.
European Directive 2005/32/EC "EuP" (2005-07-06)

Framework for the setting of ecodesign requirements for energy-using products

European Directive 2006/32/EC (2006-04-05)
Energy end-use efficiency and energy services

European Directive 2009/125/EC "ErP" (2009-10-21)
Ecodesign requirements for energy-related products

bse directives concern the need for improvedenergy end-use efficiency and manag

mary energy consumption, to the mitigation 'of CO, and other greenhouse gas emissio
blementation measures within the framework of the 2006/32/EC Directive are published

gulation (EC) No 640/2009, implementing the Directive 2005/32/EC of the Europsg
rliament and of the Council with regard to ecodesign requirements for electric motors.

2006/32/EG
Until 2016: 9 % reductionvof energy compared to 2001 to 2005

EN16001 (targeted beginning 2012)
Energy Management Process within Companies

IEC 60456
Washing machines

Energy efficiency ratio for air conditioners (seasonal EER= SEER)
Output/input in BTU/Wh, heating (annual fuel utilisation efficiency, AFUE)

Energy Star (USA)

DS,

.). The scope covers all aspects of energy efficiency in buildings in an attempt to establjsh

ed
of
ns.
to

er areas in which energy efficiency improvement programmes and other energy efficiepcy
improvement measures may be developed and implemented. For example: Commiss

on
an

Computers, servers, appliances, heating/cooling, lighting, home office

MEPS
Minimum energy performance standard (Americas, Australia & New Zealand)

B.2 KPIs for components

For energy transforming components, today often only the nominal or best efficiency factor is

sta

ted. Dynamic efficiency factors should also be provided (cut-off, stand-by, partial load).

B.3 KPIs for products

Examples of KPI definition possibilities from a global view (amount of energy used or amount
of CO, output for the production of a single unit):
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o for all purchased parts
— purchase of parts
— transport of parts
— stock of parts
— direct production related
— proportional (see below)

e directly production related

o rpropotrtionat
— production facilities
— plant facilities
i) management
ii) marketing
i) ...
— per employee
Examples of existing KPlIs:
e |kg CO, per unit produced
o |efficiency factor

B.4 KPIs for systems

Examples of KPI definition possibilities from a system perspective:

e [Benefit: input energy.
e [Problem: benefit for every system isidifferent.

e |Only possible solution: comparisen only of systems with the same benefit.
B.5 Target values of KPi by industry sectors in Japan

Table B.1 represents the target values of KPI by industry sectors in Japan.

NOTE Source: Act on the Rational Use of Energy (METI, Japan).
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Table B.1 — Target values of KPI by industry sectors in Japan

Classification

Business field

Benchmark index

Target level

1A

Iron manufacturing using blast
furnaces

(business to manufacture pig iron
using blast furnaces to manufacture
products)

The value obtained by 4/B

A: Energy consumption in the
blast furnaces for steel
business

B: Amount of raw steel

0,531 kl/t or less

1B Common steel manufacturing using | Sum of 1) and 2) 0,143 kl/t or less
elecCtricdl Turnaces (DUsINess 1o .
manufacture pig iron using 1) The value obtained by 4/B
electrical furnaces to manufacture A: Energy consumption in the
rolled steel products, excluding iron process to manufacture raw
manufacturing using blast furnaces) steel using electrical furnaces
B: Amount of raw steel
2) The value obtained by 4/B
A: Energy consumption in the
process to manufacture-ratled
common steel products_from
billet
B: Amount of rofled steel
1d Special steel manufacturing using Sum of 1) and 2) 0,36 kl/t or lesy

electrical furnaces (business to
manufacture pig iron using
electrical furnaces to manufacture
special steel products (rolled
special steel products, hot special
steel pipes, cold-drawn special
steel pipes, cold-finished special
steel products, forged special steel
products, casted special steel
products), excluding iron
manufacturing using blast furnaces)

1)  The value‘obtained by 4/B

A:/£Energy consumption in the
process to manufacture raw
steel using electrical furnaces

B: Amount of raw steel
2) The value obtained by 4/B

A: Energy consumption in the
process to manufacture
special steel products (rolled
special steel products, hot
special steel pipes, cold-drawn
special steel pipes, cold-
finished special steel products,
forged special steel products,
casted special steel products)
from billet

B: Amount of shipped (sold)
steel
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Classification

Business field

Benchmark index

Target level

2

Electrical supplier (industry that
supplies electricity determined by
2.1 of Act on the Rational Use of
Energy among general electricity
industry determined by 2.1.1 of

The value obtained by 4/B (thermal
efficiency standardised index)

A: Thermal efficiency obtained
by a performance test of rated

100,3 % or more
of thermal
efficiency
standardised
index

output at thermal electric power
generation facilities of factories
that run this business
(excluding low power facilities)

Electricity Utilities Industry Law or
wholesale electricity industry
determined by 2.1.3 of Electricity
Utilities Industry Law)

B: Designed efficiency of the
rated output

In the case of plural facilities in the
factory, the value is determined by
a weighted average method based
on the rated output.

The value obtained by 4/B (thermal
electric power generation efficiency)

A: Total electrical energy
generated by thermal electrie
power generation facilities of
factories that run thischusiness

B: Higher calorific{value of the
fuel that was required to
generate the(total energy

Total of 1) to 4)
1) The value obtained by 4/B

3891 MJ/t or
less

3 Cement manufacturing (business to
manufacture portland cement (JIS R
5210), blast furnace cement (JIS R
5211), silica cement (JIS R 5212),

A Energy consumption in the
fly-ash cement (JIS R 5213))

raw material process

B: Production volume in the raw
material part

2) The value obtained by 4/B

A: Energy consumption in the
pyroprocess

B: Production volume in the
pyroprocess part

3) The value obtained by 4/B

A: Energy consumption in the
finishing process

B: Production volume in the
finishing part

4) The value obtained by A/B

A: Energy consumption in the
shipping process, etc.

B: Shipping volume

B.6 How to measure the energy consumed to produce a product

Figure B.1 shows an example of a product production process. Materials are processed into
products by facilities that are operated with the necessary amount of energy. Figure B.2
shows the process flow, with the help of a marker on miniature reproductions, of the four
bottom snap-shots pointed by the upper trend. From ¢, to t,, facilities1 process material A and
B1 with energy E,, into intermediate product A, which is stored in stock A. From ¢;3 to 1,
facilities1 process material A and B2 with energy E;, into intermediate product B, which is
stored in stock B. From ¢5 to t#5, facilities2 process material C with energy Egg into
intermediate product C. From ¢; to fg, facilities3 process intermediate product A, B and C with
energy E;g into product X. The energy consumed to produce product X is calculated using £,
through Eg.
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It is necessary to record Ej; to calculate the total energy used to produce a product. This is the

energy trace function.

Material A
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Figure B.1 — Product production/process
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Annex C
(informative)

Energy baseline model

C.1 Guidelines for the creation and usage of an energy baseline model

Anrenre } ationrship—between—energy—econrsumptior—angd a

It can be expressed as an approximation| a

mddel needs to be broken down into several smaller models for equipment orether items that
can be expressed by an approximation. An energy baseline model should be created usjng
acfual measured values. In actuality, output values from facilities will-hot change in a short
time period. To obtain the most accurate model possible, the baseline period needs to be Igng
enpugh (at least one year) to capture normal variations in productien volume and seasopal
fagtors across all seasons. Therefore management should be¢ ¥initially performed using a
thgoretical characteristic or an initial characteristic that comes from the vendor of the faciljty.
The initial model can then be modified using actual measur€d values.

It is recommended to periodically update the energy baseline model, with the update intenval
depending on the facility characteristics. It is recommended that standardised notation |be
used for the energy baseline model.

A
~Baseline model
2, (Initial setting)
TN L
o ¥ Actual data
>

production "

IEC 2346/13
Figure C.1 — Energy baseline model

The acedracy of a mathematical model needs to be determined based on the required leve| of
engrgy’ management. When a facility is renovated to improve its energy efficiency| a
reasonably accurate theoretical model can be used to evaluate the effectiveness of the
renovation. If the model is capable of real time calculation, the difference between the
calculated value and the actual measurement can be a real time KPI that indicates the
effectiveness of the measures to reduce energy consumption.

Table C.1 summarizes the guidelines to define an energy baseline model.
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Table C.1 — Guidelines for defining an energy baseline model

Objectives Means Guidelines

- Verification of 1) The modelling of facility energy An energy characteristics reference model
effectiveness of consumption characteristics. should be defined based on the following:
improvements. (Characteristics that represent the — purpose of the equipment,

- Maintenance "e|at'°“3h'P between energy consumption — principle of operation of the facility,
and renewal of and key drivers such as production .
facilities volume) — products produced by the facility.

It is desirable to define the reference
Theoretical data or initial characteristic
data provided by the vendor is also
acceptable.

With simple facilities, it can be determined
by a linear approximation.

With an entire plant or a,complex
combination of facilities;-prediction will b4
more accurate if the.model is broken down
into several smaller-models.

2) Energy characteristics for each It is desirable(fo’create an energy
operating status. consumption.model for each operating
status,factoring in key drivers such as

Operation status of a facility and the production volume.

energy consumption for each operating
status

NOTE Energy consumption
characteristics: energy baseline model faf.
facility operating status defined by

ISO 22400-2.

C.2 Examples of a facility energy‘baseline model

C.2.1 General

Two examples of a facility energy*baseline model are given below.

It is recommended that both simple and detailed baseline models be provided for a rangg of
fagilities that take into gonsideration the energy consumption and the energy characteristicq of
thg facilities.

C.2.2 Cooling ‘water pump with parallel pumping control

Figure C.2(shows a pump control system that controls the number of activated pumps
depending on the discharge flow of water. Discharge pressure P is controlled at a constpnt
val de. This syst

that P remains constant.

Condition:

Three pumps are used. The rated power consumption of each pump is 15kW.
The number of activated pumps is dependent on the flow Q.
The default power of this system is 2kW.

Formula:

Power consumption (kW) = nx15 + 2
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Where n = number of working pumps,

n=1for0<=Q<500m3/h,n=2f0r500<=Q<1 000m3/h,n=3for1000<=Q<1500
m3/h

C.2.

This system, shown in Figure C.3, controls P (the discharge pressure) to a constant value

con
sa
coo

prdportional to the product of 0 and P. When Q*and/or P are outside the ranges defined be

the

for|a certain time period after start-up. It is(generally sufficient to use the defined model bag

on

calculation model should be modified @ccordingly.

Cohdition:

Fo

Constant pressure control @
- Péessturf -5 ‘:' 1 1 1
- ontrol U U U
; : Load @ A
: ® — o 0
' o ' ' '
] ___[Quantityl " 500 _ 1000 1500
ro A\ <~ Control| ¢ 18 Q
eturn
Valve
Heat = '
Source s i
L '
2 i :
® Pressure Sensor h 0 0
' '
@ Flow Sensor 500 Q 1000 1500
@ Feed Pump

IEC) 2347/13

Figure C.2 — Cooling water pump facility with parallel jpumping control

3 Cooling water pumps with variable frequency AC\drive

trolling the pump speed corresponding to Q (the discharge flow). This is a general energ

by

y_

ing method. It has higher energy efficiency than the system described in C.2.2 becayse

ling water is not returned using the return valvé. The energy consumption of this facility

pump will stop automatically. It is necessary to operate the pumps at maximum capa

S

ity

ed

Q x P (formula 1) below). If the facility is frequently started up and shut down, the

Three pumps are used«~The rated power consumption of each pump is 15kW.
The number of activated pumps is dependent on the flow Q.
The variable frequency AC drive is attached to each pump.

The default power of this system is 0,5 kW.

mula:

1) Power consumption (kW) = Q (m3/h) x P (MPa) x K + 0,5
Where K = 0,334 for 4 m3/h < O <1 500m3/h, 0,5 MPa< P <1,1 MPa

K =0 and pump stops when Q and/or P are out of above ranges.
2) Power consumption of 45 KW is needed for 10 min after the start-up of the pumps.
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Constant pressure control

pressure
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Heat
Source
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Feed Pump

eCe®
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IEC 2348/13

Figure C.3 — Cooling water pumps with variable frequency AC<drive
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Annex D
(informative)

Energy labels

D.1 Examples of energy labels

D.]

IE(

IEQ
for

Washing
machine

I
COmRD -

HIpERG- ENERGY
A A Ay RATING

e SIaesans  meawenn

: o™ o 100x 450w
Washing 52 |x=n—& |l

Spinning L] VEREAL RS AERTE

TR ORI L ST ARONUNATATEL £ 3.

EU Japan $®Q\ustralla us
¥
FigureD.1 — Examples of energy labels
*\\O

P Energy label for’ ectrical motors

L/TC 2 aIreadyC@an efficiency classification standard, IEC 60034-30.

“Inte@ al Energy-efficiency Class”) and a number.

IE1

efficiency

)60034-323&%%3 the energy efficiency class with a label made of the letters “IE” (short

@ndard efficiency. IE2 is high, IE3 is premium, and |E4 is super-premium. |IE4 has the
high

MEGEX (RIR

CHINA ENERGY LABEL
EERER -1 3

> | A

SEPRBUREERR IR . 7
LRIERE A€ SN R
BRI RS

HBERSER: GB 1 1613-2012

ina

HC 2349/13

The IE code and the rated efficiency should be durably marked on the rating plate, for
example “IE2 — 84,0 %".

Many countries (US, EU, China, Canada, etc.) decided on a mandatory motor efficiency
regulation at the IE3 level.
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