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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
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

2)

3)

4)
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ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred tg
ation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee.-if

ublications have the form of recommendations for international use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to ensure-that the technical conter]
ations is accurate, IEC cannot be held responsible for the way in” which they are used or

der to promote international uniformity, IEC National Commiittees undertake to apply IEC Puj
parently to the maximum extent possible in their nationalyand regional publications. Any di
ben any [EC Publication and the corresponding national oregional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity Independent certification bodies provide cd
ssment services and, in some areas, access to_IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies:

ers should ensure that they have the latest-edition of this publication.

Bbility shall attach to IEC or its directors, ‘employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property d3
damage of any nature whatsoeven:whether direct or indirect, or for costs (including legal fd
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
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tion is drawn to the Normative references cited in this publication. Use of the referenced public]
bensable for the correct @pplication of this publication.
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IEC 62837, which is a technical report, has been prepared by IEC technical committee 65:
Industrial-process measurement, control and automation.

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.

that it contains colours which are considered to be useful for,'the dorrect
understanding of its contents. Users should therefore print this document using a
colour printer.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication inq;icates
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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
activity.

The current focus of the Standard Development Organisations (SDO) is harm

laaa ealet In+ ioR mn+|f\AAo nnl ceatore nnnrm mnnnnnmnnl— S ol—nmo nnrl ol-r\nnll-

terminod

assessment and ratings (e.g. for buildings and industrial plants). For this purpose 1ELC
n 128/20 “New initiatives for IEC” work endorsed the SMB Strategic Group 1 on
Efficiency and Renewable Energy. This strategic group has since then.'developed 34

Decisiq
Energy
recomrt
cover t

e Req
deVf
ind

e Req
pro
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pro
effi

e Reqd
pro
tha
of
fac

In line
SC 17
and ps
identifi
need s

VU]’ catettat TTToToT Heteatof o TToT )’ oo g oot S A T To—otoT oy

nendations for future work in different domains. The three following recommen
he area of automation:

ommendation #7: IEC/TC 2, SC 22G and TC 65 together with 1ISO/TC 184

Istrial automation and industrial process control from a system point of view.

Cesses already during the planning phase of production systems, SG1 recom

are vital for a priori simulation of the component/device behaviour in an i
duction system, as such simulation leads .to “optimised processes from an
Ciency perspective.

ommendation #28: In order to supportthé optimisation of automation and pro
cesses already during the planning phase of production systems, SG1 recom

iew, to allow a priori optimisation of automation and production processes
ory floor in terms of energy efficiency.

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

rform the tasks specified in the above mentioned recommendations. This do
s a number of téchnology areas in the scope of various technical committe
andardisation.

onised
rds for

C SMB

Hations

should

elop guidelines for the design and operation of energy efficient systems in the ffield of

ommendation #27: In order to support the optimisationnof automation and proguction

mends

all relevant product TC/SC include key data in.their components/devices stﬂ[wdards

ended
energy

Huction
mends

TC 65 and its SCs consider the development of simulation tools from a systemm point

on the

and by

B reached the consensusto create JWG 14, settled in TC 65, to cover the objectives

cument
ps that

1 Num

bers in square brackets refer to the Bibliography.
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ENERGY EFFICIENCY THROUGH AUTOMATION SYSTEMS

1 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

control

2 Nagrmative references

The foc:r

are in
undate
amend

IEC 62

IEC 62

ISO 20[140-1:2013, Automation systems and integration)— Evaluating energy efficien

other f.

generd| principles

ISO 22400-2, Automation systems and ihtegration — Key performance indicatd
manufgcturing operations management — Rart 2: Definitions and descriptions?2

3 Terms and definitions

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

3.1
3.1.1

energy
capacify of a system to produce external activity or perform work

Note 1 t

like media.Energy can take a wide variety of forms, for example: chemical energy, mechanical energy,|

energy,

and industrial facility management.

ispensable for its application. For dated references, only the edition.cited appli
d references, the Ilatest edition of the referenced document (includin
ments) applies.

P64 (all parts), Enterprise-control system integration

P64-1:2013, Enterprise-control system integration — Part 1: Models and terminolq

hctors of manufacturing systems that influence the environment — Part 1. Overvi

Energy

entry:) Commonly, the term “energy” is used for electricity, fuel, steam, heat, compressed air &

owing documents, in whole or in part, are normatively referenced in this ‘documegnt and

bs. For
g any

gy

cy and
bw and

rs for

nd other
thermal

1 " i } } L ' L "
CICULUITL TIICTYY, yravitaliUlial TIICTyy, TTutlcdl TIHTTyYy, TTyuraulit ©Iiciygy, TLlu.

Note 2 to entry: The Sl unit for energy is joule (J), and for electric energy also watt-hour (W-h).

[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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CE: CEN/CLC/TR 16103:2010, 4.1.7]

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

[SOUR

3.1.4

CE: CEN/CLC/TR 16103:2010, 4.1.2]

final energy

energy

Note 1 t

[SOUR

3.1.5
primar
energy

Note 1 t
energy fi

[SOUR

3.1.6

H Al H +
do TTULTIVOCU Uy dll TIITTYY UoIlly SoyolTlll

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

CE: CEN/CLC/TR 16103:2010, 4.1.12]

y energy
that has not been subjected to any conversion process

b entry: Primary energy includes non-renewable energy and renewable energy. The sum of
om all energy sources may be called total primary energy.

CE: CEN/CLC/TR 16103:2010, 4.1.6]

secondlary energy

energy|

EXAMPL

[SOUR

3.2

3.21
energy
quantit]

Note 1t

Note 2 t
such as

resulting from energy conversion of primary energy
E Electricity, gasoline, process steam, compressed air.

CE: CEN/CLC/TR 16103:2010,-4.1.8]

Fnergy use and energy consumption

baseline
btive reference(s) providing a basis for comparison of energy performance

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

b entry:\, An energy baseline can be normalized using variables affecting energy use and/or con
produetion level, degree days (outdoor temperature), etc.

Note 3 to entry:

impleme

[SOUR

3.2.2

ntation of energy performance improvement actions.

CE: ISO 50001:2011, 3.6]

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.

[SOUR

CE: CEN/CLC/TR 16103:2010, 4.2.5]

primary

umption

Energy baseline Is also used for calculation of energy savings, as a reference before and after
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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]

3.2.4
energy end user
entity Jonsuming final energy

Note 1 tp entry: The energy end user may differ from the customer who might purchase the-energy but floes not
necessafily use it.

[SOURICE: CEN/CLC/TR 16103:2010, 4.2.2]

3.2.5
energy saving
reductipn of energy consumption following implementation of energy efficiency improyement
action(p)

Note 1 tp entry: The reduction is obtained by comparison against'the baseline taking into account all adjustment
factors.

Note 2 fo entry: Energy savings can be potential following an assessment or actual after implemepting an
action(s).

[SOURICE: CEN/CLC/TR 16103:2010, 4.2:8]

3.2.6
energy use
mannef or kind of application of‘energy

Note 1 t¢ entry: Examples arewentilation, lighting, heating, cooling, transportation, processes, production|lines.

[SOURICE: ISO 50001:2011, 3.18]

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

Note 1 to EMTy AT €nergy UsSMyg SYStem cam be g prant, a process, part of a process, a buitding, a part of a
building, 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 specifically

i achievina-eneravefficiencyvobicctives-and-targets”
aimed a g gy y-obj g

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

3.3.3
energy efficiency indicator
value ipdicative of the energy efficiency

Note 1 t¢ entry: Mainly used as a metric in policy evaluation and in macroeconomic'studies.

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

3.34
energy intensity
energy|consumption per financial unit of output

EXAMPUE Gigajoule (GJ) per euro of GDP (gross domestie,product). Gigajoule per unit of turn over.

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

3.3.5
intrinsjic energy efficiency
energy|efficiency of a componentwhich is achieved by design

3.3.6
load shedding
procesp of deliberately ‘'disconnecting preselected loads from a power system in respgnse to
an abnprmal conditign:in order to maintain the integrity of the remainder of the system

[SOURICE: IEC 60050-603:1987, 603-04-32]

3.3.7
managed-energy efficiency

energy efficiency 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
measufable results related to energy efficiency, energy use and energy consumption

Note 1 fo entry: In the context of energy management systems, results can be meaSured agdinst the
organization’s energy policy, objectives, targets and other energy performance requirements,

Note 2 t¢ entry: Energy performance is one component of the performance of the energy-management sygtem.

[SOURCE: ISO 50001:2011, 3.12]

3.4.2
energy performance indicator
EnPI
quantitative value or measure of energy performance, as defined by the organization

Note 1 t¢ entry: EnPIs could be expressed as a simple metric,"ratio or a more complex model.

[SOURICE: ISO 50001:2011, 3.13]

3.5 Energy management

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

[SOURICE: CEN/CLC/TR 46103:2010, 4.5.1]

3.5.2
energy management profile
set of ¢nergy related application parameters and/or energy saving modes

3.5.3
energy mahaged unit
EMU

unit of asset for energy management, identified by an energy related functional partitioning

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

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]

3.6.3
companent
asset Ysed as a constituent in equipment, system or plant

[SOURICE: IEC 61666:2010, 3.6, modified — changed product to asset]

3.6.4

device
entity tIhat performs control, actuating and/or sensing functions angd‘ifiterfaces to othgr such
entitied within an automation system

[SOURICE: ISO 15745-1:20083, 3.11]

3.7 Automation system

3.71
direct jnfluence
environmental influence resulting from actual®product production by direct operafion of
manufacturing equipment

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

3.7.2
indiregt influence
environmental influence resulting from activities that support actual product production by
direct pperation of manufacturing equipment, in indirect mode of manufacturing eqdipment
and opgration and maintenance of the manufacturing support system

[SOURCE: ISO 2061%40-1:2013, 3.1.17]
3.7.3

input
product, ‘material or energy flow that enters a unit process

[SOURCE: ISO 14040:2006, 3.21]

3.7.4
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 i

nterrelated 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

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

Commis

jon adopts a similar understanding in the directive "Ecodesign requirements for energy-related p

roducts”.

In the cq
manufad

turing or process plant.

[SOURICE: IEC 61082-1:2006, 3.1.11, modified — a note to entry has been added]
3.7.8

releasis

emissions to air and discharges to water and soil

[SOURCE: ISO 14040:2006, 3.30]

3.7.9

unit priocess

smallest element considered in the life cycle inventofy analysis for which input and

data ar
[SOUR

3.7.10
waste
substa

[SOUR

4 AHQ

41 |
APC
BTU

e quantified

CE: ISO 14040:2006, 3.34]

nces or objects which the holder intends or is required to dispose of

CE: ISO 14040:2006, 3.35]

breviations and’alphabetical index

Abbreviated \terms
Advanced process control
British thermal unit

CEN

European Committee for Standardization

ntext of this standard, the term "product" does not cover the automation assets but only the outp|

ut of the

output

CLC
Cv
DCS
EMU
EnPlI
FC
IEA
KPI
MV
SV

CENELEC, European Committee for Electrotechnical Standardization
Control variable

Distributed control system

Energy managed unit

Energy performance indicator

Function variable

International Energy Agency

Key performance indicator

Manipulated variable

Set variable
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4.2 Alphabetical index of terms

A

asset 3.6.1
automation asset 3.6.2
Cc

component 3.6.3
D

device 3.6.4
direct ipfluence 3.7.1
E

energy)| 3.1.1
energy|baseline 3.2.1
energy|lconsumption 3.2.2
energy|conversion 3.1.2
energy|demand 3.2.3
energy| efficiency 3.3.1
energy|efficiency improvement programme 3.3.2
energy|efficiency indicator 3.3.3
energy|end user 3.2.4
energy|intensity 3.3.4
energy Tmamnaged umit 3.5.3
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

energy using system

F

final energy

|

indirect_influence

—-17 -

input
intrinsi¢ energy efficiency
L
load sHedding
M
managgd energy efficiency
manufdcturing support system
o
output
P
peak shaving
primary energy

proces

UJ

product

R

rational use of energy
releases

S

secondary energy

specific energy consumption

U

3.2.6

3.2.7

3.1.4

3.7.2

3.7.3

3.3.5

3.3.66

3.3.7

3.7.4

3.7.5

3.3.8

3.1.5

3.7.6

3.7.7

3.3.9

3.7.8

3.1.6

3.3.10
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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 dacument applies the description of the applications givpn hy the hiprarr‘hy model of
IEC 62R64 which is shown in Figure 1. The main levels of the hierarchy are businessplanning
and logistics, manufacturing operations management and control (batch, coptinuqus, or
discretg control). The levels provide different functions and work in different timeg frames.

Level 4 may also include enterprise resource planning (ERP) and supply-ehain management
(SCM)| level 3 may also include manufacturing execution systems V(MES) and plant
information systems (PIMS).

Level 4

Establishing the basic plant schedule for production, material uge,
delivery, shipping, determining inventory levels, operational
management, etc.

Time frame: Months;\weeks, days

Business planning
& logistics

B EE T T T T e T T e T e e P e T e T LR T L OO L LR T COLITEETCLLTEERRELCLRR! EERREs
: A 4 Level 3 :
/— Work flow #recipe control to produce the desired end products. :
: Manufacturing Maintaining records and optimizing the production process, :
operations management dispatching production, detailed production scheduling, reliabilit :
: assurance, etc. :
: Time frame: Days, shifts, hours, minutes, seconds :
e I e ey e A .

Level 2

Monitoring, supervisory control and automated control of the
production process.
Time frame: Hours, minutes, seconds, subseconds

Continuous
control

Discrete
control

Level 1
Sensing and manipulating the production process

Level 0
The actual production process

HEC 2326/13

Figure 1 — Functional hierarchy of production systems according to IEC 62264

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

Batch
control

Energy intensity (basic cost)
Energy cost management
Analyse energy data
Planning energy conservation

Manufacturing
operations management

Level 2 & 1

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

Electric power meter

Enthalpy calculation

Continuous
control

Discrete
control

5.2

The le
two pa

Level 0 Eyhaust heat recovery

Thermal storage
Heat pump

Functions in level 4

ts:

o Engrgy efficiency related to demand/response:

Thg activities of the factory* may change taking into account the outside envir
conditions.

The

se

ments; this is(the (supply side) demand. The system can react with planni

schieduling of activities; this is the (consumer side) response.

NOTE Supplyside demand is not an energy demand in this context.

o Engrgyefficiency related to internal plant management:

De

[EC 2327/13

re 2 — Energy functions mapped over the functional hierarchy levels (IEC 63264)

el 4 of the functional hierarchy oaf¢production systems in IEC 62264 can be split into

bnment

outside environment communicates the energy availability using pricing arnd time

g and

ending on the internal status of the plant, decisions may be made reldted to

consumption, generationm and-storage of energy-

EXAMPLE Events that influence the status of the plant include raw material availability, 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 62

e intr

264, two basic aspects of energy efficiency are considered:

insic 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,

and accompanying issues like:

e traiphing and qualification of personnel, and

e orgpnisational issues and local regulations.
Energy efficiency measures should not compromise:

o safety,
e sedurity,

o thellevel of services.
5.4 Application function and automation function

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

In diffgrent industry segments the energy use and the automation systems are differ¢nt. So
for the Janalysis an application specific approach’is important.

Applicdtions are realized by combining_automation assets, for example sensors, transmitters,
switchgs, power drive systems, controllers, PLCs, valves. The hierarchical strucfure of
automation systems is on the otherchand quite similar throughout the industrial segments.

The twjo major structural dimensions to analyse and influence the energy consumptipn of a
production system are identified as:
e apglication functions:
— [the functionwwhich is provided by an application device,
— |example—closing/opening of a valve,

e autpmation functions:

— [thelfunction 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

* Condition
Monitoring
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= Control
Loops

*Switch
*Control
*Measure

Functions
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=
S
Q;
3
=
=
o
=
S
.;
=
=
S
~
=
<

Generic Automation

IEC 2328/13
Figure 3 — Structural overview of automated industrial plants

The tefm “generic” refers to generahypurpose application functions such as, for eample,
analog|l/O or digital 1/0. All other application functions are dedicated to industry segmepts, for
example, in process industries;. il refinery, chemical, iron and steel, pulp and paper and
pharmaceutical; in manufacturing industries: automotive, assembly, discrete manufgcturing
and mgchine tools.

During|the design phase; the designers should choose a combination of automation|assets
with thle applicationnand automation functions which are the most appropriate in tgrms of
energy|efficiency for the specific application.

In the [regutar case, the application function consumes most of the energy. How ruch it
consumessdepends on:

e 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
( N\ ( A li - h ( a .
o ication Application
Application module 1 pp pplicatio
module 2 module n
Automation asset
Automation Automation
Automation Automation Application asset asset
function function function
Automation Automation
asset asset
Automation A i
Automation Automation asset ut:sr:::mn ,\
asset asset
a);
Application Automation q .
e function Automation Auctgﬁ\.on
asset t
nV
Application | G\)
function Automation I~ Automation
asset I asset
gaiemanen Automation Y
asset
asset O
Application Q
functi
unction L OQ ) L )
\_ J

EC 2329/13

Figure 4 — Plant application with automation assets

EXAMPUE 1 The automation asset pressure transmitter realizes the application function “analog 1/0” ysing the
automation function “measuring”.

EXAMPUE 2 The automation asset .closed loop controller executes the automation function “cloged loop
controllimg” delivering the applicationAfungtion “input/output”.

EXAMPLUE 3 A valve in a fluidtapplication realizes the application function “controlling flow” (by digital| I/O and
analog I/O) and can contain_one or more automation functions such as “condition monitoring” and|security

functiong for other applicatiens.

The sgme application function can be controlled by different automation functions.|These
automation funetions deliver an equivalent application outcome, but may differ with resppect to
energy|efficiency.

6 Geaneric 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 ingdfficient
subset$ of a production system. The concept of EMU can be used effectively to focus|on the
subset$ by flexibly adjusting the EMU boundarysFrom the boundary around the entire factory,
the bolindary of EMUs should be focused stccessively around the most energy infensive
subset$ of the production system. This allaws to direct the energy efficiency improyement
efforts where it matters and with the requited detail.

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

ISO 20[140-1:2013 provides_a-unit process model defining the system boundary. The doncept
of EMU is derived from.the unit process model of 1SO 20140-1:2013 (see Annex A) and
enablef to define the~system boundary for all levels of the functional hierarchy defjned in
IEC 62p64.

6.3 Senerallrecommendations

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

In the operating phase, to manage the energy consumption in a plant, the supervision and
control system should be able to address commands on certain parts of the application, which
implies[that

e the|existing communication systems should be adapted to answer the new_needs| of the
endrgy management,

e endrgy management profiles for the devices and equipment should be défined.
For thHe design phase and system integration (selection, installation, identif{cation,

configyration), the device description and modelling should include Aew aspects of the |energy
efficierlcy profile such as:

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

e endrgy efficiency data (standardised set of energy characteristics and parameterg for a
dedicated application area),

e endrgy efficiency classes for devices, equipment and systems taking into accolint the
apglication, possible measurement and contrel of classes by establishing limits if relevant.

Common definitions, vocabulary and semantic should be developed. This should be done in
close g¢oordination with ISO/IEC JPC2,.fEnergy efficiency and renewable energy sources -
Common international terminology”.

For eath application, at the device or the machine level, the following should be defiped for
the appglication data:

e the[nature of the measurement (e.g. current, power...),

o the|characteristics/(ynit, accuracy, tolerance, sampling period...),

e thel|test methods:

These [definitions should be done independently from the specific communication network
technojogies.

The measurement of energy consumption shoufdbe appropriate to the tevels described in 5.1:

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.

EXAMPUE The TEC 6T800-7 series defines operaiing modes, such as 'not ready 10 swiich on’, ‘ready jo switch
on” and |operation enabled”.

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

This cgdn lead to a totally different architecture of components with multiple ‘power domains:

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

e high energy functions for operation.
6.3.4 Standardised component interface
Status

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

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

Recommendations

Standdrdise a unique abstract model to access energy data and to control low energy modes.
The model should desScribe the common concepts of the energy profile, the minimum set of
data (durrent powerficonsumption, current energy state) and abstract services (read g data,
write a| parametef)_send a command, etc.). The abstract model should provide interfaces for
metering, cost @llocation and energy awareness, as appropriate.

This mpdel may be derived from existing implementations.

The standardised model should then be supported by the existing and future industrial
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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tiple sensors measuring the same value

(e.g. ambient temperature for the manufacturing process and for facility control),

e 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
undershoot. Control systems should collect relative energy data which are necessary to

realize

Define
visualig

6.3.6
Status

In the
classifi

Recom

enerav.consumntion optimisation
o p 1 g

data items (format, semantics) for common interchange and global ¢
ation.

Classification and energy labels for components and systems

area of industrial automation components there is\currently only an
cation for electric motors.

mendations

For each components and systems family, the “corresponding responsible te

commit

— unif
— sta

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

ied energy efficiency classes and data,
ndardised test conditions for energy-€fficiency measurements.

The balsis for informing end users about the energy efficiency of products is the data fr

manufg
inform4

Techni
efficien

6.3.7
Status

Today,

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

cal committees should.define methodologies to classify a system by using the
cy data or class ofiits components depending on the application use.

Simulation\of systems and components

simulation of energy flows is challenging because of missing energy data

rocess

energy

chnical

om the

cturers’ catalogues. Energy- labels should be considered as complenmentary

energy

of the

compo

nents and relevant simulation tools.

Recommendations

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 re

quires:

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

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

e 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:
e load-dependent power consumption (table based or algorithm based),
e power saving states with the declaration of

— power consumption,

— time to reach the state,

— time to reach operative state (restart).

Figure 6 is an example of energy data for the start up phase of a system and its power
consumption

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
o
P
9
QS)
t o)
ty X Py P, t,xP, Pg+nxP,

IEC 2331/1B

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

6.4 Key performance indicators (KPIs) for energy efficiency

6.4.1 Basics for defining KPIs for energy efficiency

6.4.1.1 Definition of energy efficiency

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 gener
for energy efficiency.

6.4.1.2 Energy baseline model for EMU

ic KPIs

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
graph the—energy—censumption—is—plotted—overthe-benefit—this—graph—shows—the—+e
from 6}4.1.1 for a variation of both parameters (see Figure 7). The benefit for the ind
some groduction related parameter, here called “production parameter”.

In the |practical approach, the energy baseline model is derived from thé>existing

characferistics of facilities before any action for improvement is taken. When)such para
as profluction volume are applied to the model, the estimated energyconsumption

calculated (see Figure 7). This model enables the verification of the gifectiveness of an
plan fof improving a facility’s energy efficiency and the detection of an abnormal facility
The bdseline period should be defined according to the facility-characteristics. The rg
energy|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

.Ifina

ionship

stry is

energy
meters
can be
action
status.
sulting

Figure 7 — Creation of an energy baseline model

Ee = f(P1,P2,...,Pn)

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
time intervals. It is desirable for the higher level system to provide optimised information to
lower level facilities that can be used to control set values and optimise total energy
consurfiption. The reporting of information at shorier time intervalS enables more_precise
energylmanagement. This makes it easier to identify where energy is being wasted.

This TR recommends the creation of international standards for the structure of facility [energy
data.

Table 1 — Guideline for EMU energy data

Dbjective Means Guideline
— Reporting for the Reporting of EMU energy characteristics. | — ¢ It\S recommended that higher Jevel
opfimised control of ) ) ) systems have reference rangeg with
EMUs by higher Reporting of energy consumption and its upper and lower limits for EMU

drivers such as production volume at

level systems. 4 ; -
predefined time intervals.

energy consumption and drivefs such
as production volume.

— KP] management

by higher level NOTE Time intervals: — It is recommended to examinelthe

sydtems (L2 ~L4) second, minute, hour, day, monthj\year, reported information at each tifne
batch, etc. interval and to verify the

NOJTE Defined by effectiveness of the energy eff|ciency

IEQ 62264 (ISA 95) improvement plan and EMU

maintenance.
— Reporting for the
optimised control of — Time intervals are defined baspd on

related EMUs. EMU characteristics.

— Shorter reporting time intervalg will
enable more precise energy
management and make it easi¢r to
identify where energy is being
wasted.

A shorter time interval may incur irf added
equipment, disturbances and opergtional
cost.

Example of EMU energy data:

o |D of Tacility

o time: e.g. year, month, day, hour, minute, second

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

e production volume: facility production volume (cumulative total)

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

e energy consumption: facility energy consumption (cumulative total)

e unit of energy: e.g. MJ

e number of related variables: n

e value of variable 1: value of variable relating to facility energy consumption
e unit of variable 1: e.g. °C

e value of variable 2: value of variable relating to facility energy consumption
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e unit of variable 2: e.g. %RH

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

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

o reference information: optional

o type of facility: facility category

e operation status: defined by 1ISO 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 energy

1~ £ <l F'H FS HS <l <l £ H | ] 1 £l
eff|C|e \.l_y Ul MTUUUCLIUTI OyOLUIIIO, "o UU}JUIIUUIIU}’ Tl rrrarroial vdiutT o IMIdNCT O lII: term

unsuitgble for stating any generally valid metrics for energy efficiency.

To safleguard against disruptions in communications, it is recommendedAtocalcllate a
cumulgtive total for energy consumption and production volume. It is.fecommenfded to
automagtically reset the cumulative value if a calculation overflow occurs’~Table 1 cpntains
suggedtions for EMU energy data.

6.4.2 Recommendations for defining KPIs for energy efficiency

Toward the goal of defining specific KPIs and target values,his TR provides a standgrdised
methodology for defining KPIs for energy efficiency. Some (@ctual examples will be aftached
for refgrence.

Four categories of KPIls are recommended:

y EMU — for operations optimisation, benehmarking and process improvement;

y product — for improving the energy.&fficiency for similar products;

o
b

- by economic factors — for reporting'to management;
b

y local regulation — for legal conformity.

Figure|9 shows a KPI as a _funetion of a driving factor. Energy used by the proguction
equipment varies depending on’ the product amount and model. Production volume i a key
driving|factor of KPIs. The.energy consumption of production equipment is also affe¢ted by
environmental conditions\such as outside temperature. Environmental conditions shquld be
taken ipto considerationas 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.

Specific energy consumption should be a practical KPI. Deterioration of equipment in an EMU
over time should be taken into account Monitoring of KPls provides useful information for

predictjve maintenance that can prevent problems that interrupt plant operations.

There fre two aspects to comparing energy efficiency using a KPI. The first is that this is a
tool fol the deployment of energy efficient best practices. Benchmarking should be equitable
and urfiversal. The second is that a KPI should be used to measure the_degree by which
efficierjcy is improved in individual organisations. In this case, a KPI isyréequired to provide
continyity for the comparison without being affected by driving factors¢

Measufes for improvement should be equitable when used as a credit for reduction acfivities.
It is nepessary to generate an international KPI standard for this.purpose.

Standdrdisation of indicators for energy efficiency will invigorate activities to improve [energy
efficierlcy and make effective use of natural resouf¢es. These activities should rgsult in
greenhpuse gas reduction and also improve the profitability of companies.

When there is a change in the production volume or the products, it is necessary to ifnprove
energy| efficiency by optimising total energy use throughout a factory, rathef than
indepepdently optimising individual deviees and facilities. As there are various progluction
conditipns, various kinds of KPIs are necessary to measure and improve energy efficiency.

KPIs that indicate the total energy-efficiency should be analysed by drill-down functions|to find
specifi¢ managing points that arereffective in improving total efficiency.

It is eiILfective to define KRIs for each level of a production system hierarchy, not gnly for
individyial devices at the_lowest level but also for EMUs in higher level production systems.

In ordgr to improvesinternal production processes, it is necessary to properly define KRIs that
can be|flexiblycand appropriately used in existing processes. To do this, it is also desinable to
standafdise the set of necessary information that is used to calculate a KPI. Defining gn EMU
as a flexible) boundary for KPIs will make it possible to find effective actions that gan be
ranked|by{priority for the improvement of energy efficiency.

6.4.3 Guidelines for defining KPlIs
6.4.3.1 Specific energy consumption

Specific energy consumption has been used widely as a practical KPI for the energy
management of EMUs, including entire factories or plants.

Objectives

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

e Predictive maintenance of EMUSs.
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o Evaluation of the effectiveness of actions taken to improve energy efficiency.

Means

e Reporting specific energy consumption for a complete factory.

013(E)

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

¢ Reporting specific energy consumption of product.
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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.
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energy

X, X4

6.4.3.3

Figure

production IEC 2335/13

Figure 10 — Characteristics of the energy baseline model

KPI for plant wide optimisation

11 shows a hierarchy of production systems with reference to\|EC 62264-1:2013
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11 shows the information flow between subsystems using the notation of CV and
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In Figure 11, CV represents a set of present status including KPIs in the layer
d to the upper layer. The upper layer system calculates MV that is sent back
pyer as(a)target value for control. The level 4 system can execute the calcula
ide optimisation using the CV from the lower level systems. KPIs are defined i

level a

KPIs tg ‘their optimum values does not necessarily result in the optimisation of a KP
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higher level system. When the production volume of a corporation is changed, for example,
Level_4 system calculates an optimum MV to minimize the total energy consumption while
energy 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 hierarchy
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6.4.3.4

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 _

Energy Effici:ency Output:
0 Product quantity

A A
Lower Limit Upper Limit

IEC 2337/1

Figure 12 — Energy consumption characteristics/of equipment

ergy consumption characteristics of equipment shown in Figure 12 should be p
nd of energy information of equipment for applying.RENKEI control for equipmen

owing should be specified for optimum opécation:

imum and minimum operation limit,
rgy consumption characteristics forsthe output range,
rgy consumption for start up,

rgy consumption for shut dewn.

KPlIs for EMU

The definitions for two KRfs for equipment and the related EMU energy data are prov

examp

KPI 1:

This K
power,

es.
Current status of energy characteristics of EMUs

Pl indicates the current status of EMU energy characteristics such as instant
enerdy consumption, demand, and fuel consumption rate.

B

ovided
f level.

ded as

ANeous

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

The selection of proper indices for
EMU functions and characteristics
is recommended.

— Comprehend the current status
of EMU energy characteristics.

KPI1 1: Current status of energy
characteristics of EMUs:

a) EMU output and specific energy
consumption, corresponding to
key drivers;

b) indices such as energy

conversion efficiency and

production power rate that
indicate current status of EMUs;

A EMLUL anoray
7 IJ7J

charactorictics

pre

dictive maintenance.

energy consumption and the

— Defection of wasted energy KPI 2: Deviation from energy It is recommended to study-the
cornsumption. baseline model for EMUs: adoption of a), b) and(c)in this
; sequence.
— Defection of abnormal EMU a) deviation between the actual g
stafus and performance of The deviation camybe detectdd as

an absolute yalue or a rate off
deviation (in case of linear
approximation (y = ax + b), Ap/a and
Ab/b dréthe deviation factorg).

production volume value
estimated with the energy
baseline model,;

deviation between the actual
energy consumption and the
value for related driving
variables estimated with the
energy baseline model;

c) deviation between the actual
energy consumption and¢the
operating status value
estimated with the energy
characteristics model:

— Vetification of effectiveness of
improvement actions.

b)
The EMU operating status sHould
be, defined based on the congept of

the time model defined in
1SO 22400-2.

6.4.3.5 KPlIs for products

KPIs fgr products can be used to calculate a product’s energy footprint, manage produgt costs,
and evpluate improvement actions. Itiis noted that intermediate products are included ps well
as the final product.

The foljowing two KPIs are proposed:

a) Engrgy consumption.to produce a unit product (energy intensity of a product).

b) The
est

deviation between the actual consumption per unit product and the consymption
mated based on its energy baseline characteristics.

A product unitsis selected, e.g. ton, kg, unit, and lot, depending on product properties and
delivery. Examples of practical KPI units are GJ/ton and J/unit. The product energy irntensity
can be used 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.

Fable-3—Guidetime—for-the-definiti Pt torct

Objective Means Guideline

— Engrgy footprint of a product. 1) Energy used for producing a Production processes’involvg many

it duct. kinds of facilitje's”
— Cafbon footprint of a product. tnit procuc inds ot Tacliiys™

NOTE 1 Ton, kg, unit, lot, etc. | With batch-processes that produce
a variety of.products, it is geperally
difficultto-measure energy
consumption for a specific pfjoduct.

— Copt management.

— Veyification of effectiveness of 2) Deviation of actual energy

prdduction process consumption from the energy

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

recommended to allocate other
energy consumption to the pfoduct
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 pverall
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.

Specific energy consumption has been used as a practical benchmark that is ggnerally
applicdtion specific, It-is recommended to develop a standardised methodology to mieasure
the engrgy consumed to produce a product.

6.4.3.6 KPls for local regulation

KPIs shodld be defined so as not to violate local regulations and should be good prpofs of
energy management comptiant withfocat Tegufations. tocat regutation such as the “Energy
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 =(ZMix%Ri + Q) | PQ

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 /fon

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

Unit/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

Remarks

Notes /|explanation: Energy consumption is an importan{factor impacting the production costs
and final profits

Corporgte level Worker, master, chief, management

Effect model: To be determined

Produc}ion type: Continuous, batch, discrete

NOTE | The conversion coefficient Ri is used to unify the measurement modes of different energy types, by
which 3 certain kind of energy can be changed into standard quantity (e.g. the unit of R/ for water is sfandard
quantity/ton; for electricity the unit’«0f) Ri is standard quantity/kilowatt-hour.) The comprehensive |energy
consunjption indicator is used with a)‘collection of standard quantity conversion tables, which are unipue for
differer]t industries.

7 Applications

7.1  The application point of view

711 Energy consumption in industry

Investigations in machinery have shown that the basic energy consumption in a plant is about
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.
This will have effects on the automation technology.

Another important starting point affects the process design itself: which steps andninq which
sequerjce are taken.

In machines and plants (without the heating of buildings) electrical and chemical (fuel) lenergy
is conjumed. Automation technology traditionally only serves for the transport and coptrol of
electrigal energy. This reflects only a very small portion of the totally consumed energy.

In the [conversion from electrical to mechanical energy (drives), the' intermediate hydraulics
and pneumatics are not covered by automation technologies. I these areas only the iptrinsic
energy| efficiency can be improved. Energy saving motors arealfeady stretching the limits of
physics. The drive electronics has been optimised for efficiency through design for 80’16 time

already (compactness, reduction of cooling efforts). In.géarboxes a further reduction of all
kinds ¢f friction, including oil splashing losses, is expected. The total energy efficigncy in
electrigal drives (consisting of electronics, motor and.gear) is at a very high level today} about
80 % t¢ 90 %.

Automation traditionally does not cover:

o Efficient use of the mechanical energy in machines and plants. This is determiped by
propess and machine design. This is where the main efficiency potentials arp. The
influence of automation is marginal-

o Application of frequency converters in the transport of fluids. This reduces the [friction
losges which accrue extremely at mechanical restrictions of the volume flow.

e Application of frequency: converters in the transport of piece goods and bulk goods. The
meghanical restriction of mechanical movements is frequently used today at $maller
transport tasks.

e Reasonable use of other energy forms in machines and plants. This is determiped by
propess and)machine design. This is also where the real efficiency potentials afe. The
influence~of automation is practically zero.

Automation” technology is the main carrier of all algorithms and actions which can redyce the
energy consumption 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
downstream industries such as automobiles and consumer electronics.

Table p depicts the production processes categorized in continuous, batch and (Jiscrete
procesges by their corresponding controlled objects, industry sectors and type“of ¢ontrol.
Batch processes are located between continuous and discrete processes, and .they arg often
hybridyg.

Table 5 — Characteristics of production processes

Types of process Continuous Batch Discrete
Contradlled objects Gas Liquid Solid
Liquid Powder
Industfy sectors Oil refinery Chemical Automotive
Chemical Pharmaceutical Appliance
Iron and steel Food and beverage etc.
Pulp and paper eta;
etc.
Type of control PID control PID Sequence control (PLC)
Sequence control (PLC)
Types pf PA (process automation) FA (factory automation)
automation

In contjnuous processess-the controlled objects are mainly gas and liquid. Process parameters
are coptrolled mainly~by’ PID control performed by a distributed control system (DCS). In
discretg processespsolid parts are assembled into products on a production line [that is
controlled by sequénce control performed by PLC. Chemical, pharmaceutical, fo¢d and
beverage are categorized in the batch process that is controlled by some combination|of PID
and sefjuence-control.

7.2 Discrete manufacturing

7.21 Description
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

Asseg;:m Press Shop #Body Shop
Facilities & Buildings
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ransmissions Test
Facilities & Buildings
OEMs OEM Devices

IEC 23B8/13

Figure 13 — Model of automotive production
In Figure 13, the shops described in 7.2.1.3 to 7.2.1.5 are mark&d’in bold.

To redyice 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“fransmissions);
e paint shop;

e body shop.

The defscriptions below only list itemsspecific to the particular shop.

7.21.3 Power train manufacturing

Severd|l studies show that switching off unused components of a line during inactivity I¢ads to
large energy savings.

Efficiency is best when operating the lines and systems in “impulse mode” (100 % on when
needed, off when hot needed) rather than partly loaded.

display| fdnctions have to remain on because of software and configuration updates duiing the
night. Lhis leads to a lower nffir‘innr\y

Experq\ents were made where components are switched off externally. The controller and

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  emiSSiors:
7.2.1.5 Body shop

Knowr] issues
Currenfly there is not enough “pressure” through legislation towards energy’efficiency.
There @re not enough energy efficient products on the market.

7.2.2 Recommendations for discrete manufacturing
7.2.2.1 Production management

Today [factories are designed only according to material flow. Factories should be dgsigned
also agcording to the flow of energy. This requiressufficient models of the components and
tools tq simulate these system process parameters.

Systenys should have dedicated interfaces-to measure the energy flow.

o Ideglly these should be incorporated into the devices.
e If npt possible a standard measuring interface should be provided.

e Most electrical and electrohics device have and provide this information today but oply in a
proprietary way. Here a standard data interface should be provided.

¢ Haying a self-learningyfunction within the devices, these could alarm to the controllgr when
diagnostic parameters go out of a predefined range.

7.2.2.2 New technologies

The udage of-advanced technologies improves the energy efficiency on the compongnt and
system| level:

e the use of "cold” technologies To dry and harden adhesive and varnish;
e the use of regulated drives;

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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7.2.2.4
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Figure 14 — Supervisory.control

Optimal dimensioning of systems

urrent and future energy consumptions‘are available, they should lead to:

ving;

ced for a strategy for switehing off lower privileged systems during power peak
dding).

Components
and cheap external sensors are needed with:

bwerling'communication interface, line powered;

ems;
er price for purchasing energy because of exact forecasts associated witl peak

s (load

7.3
7.3.1

7.3.1.1

Process industry

Description

Characteristics of process industry

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

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:

e rati

e rati

onalisation of combustion of fuels,

onalisation of heating and cooling as well as heat transfer,

e recovery and utilisation of waste heat,

e rati

onalisation 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 are
many Ki i These
procesp variables are monitored and controlled to the target values by process autgmation
system[s with the primary goal of process improvement. A subsequent goal is that.the [energy
efficierlcy of the plant is improved. These process variables are reflected to(the repl time
verificdtion of KPIs for energy efficiency.

In maphy plants, production processes such as heating, cooling; vaporisatioI and
conderjsation are widely used. As those processes are usually operated by thermal ¢nergy,
the engrgy efficiency is quite dependent on the efficient utilisation of\thermal energy influding
heat r%overy. Compressed air and steam are key energy sources_as well as electricity| There
are many field devices that are operated by compressed air and,steam. Detection of Igaks in
comprgssed air and steam supply systems is important to reduce the useless consumption of
energy

Process plants often operate at varying load conditions such as production volume|and/or
product grade change due to market conditions. When load conditions change, set pg¢ints of
related| process variables will be changed to optimum values to optimise the load balance of
equipmrent throughout the plant. Plant wide optimisation is done, taking total energy effliciency
into copsideration.

In the pulp and paper industry, for example, many mills make different grades of papér on a
single paper machine that is highly energy intensive. In the grade change process, al| of the
paper machine’s equipment is stapped in a programmed sequence to carry out the negessary
procedl:res such as draining, washing, filling, and so on. After these procedures the sygtem is
restart¢d again. Automated grade change minimizes the downtime and reduces the |lenergy
consumption.

In sumjmary, precise_measurement and control of the process status by process autgmation
systems have heen' making great contribution to improving the energy efficiency |of the
process industries.

It is recommended to generate a technology list of measurements and automation fupctions
that shiould be versatile and effective for different types of applications. Some examples are
shown 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
KPIs (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

genera

ISO 22
manufd

ISO 50

7.3.4

| principles
1400-2, Automation systems and integration — Key performance indicatq
cturing operations management — Part 2: Definitions and descriptions4

001:2011, Energy management systems — Requirements with guidancé<for use

Gaps

Regulations are different in every country and may be product specific. There is no ag

industr
automs3

There
of the
efficien

More
techno

7.3.5
It is red

1) To
end
req

2) To
har

bro
ang

y standard for developing energy efficiency performance metrics for
tion.

have been a lot of automation functions implemented in the process industries
ontrolled parameters/values in the automation{unction can be re-positioned as
t KPIs.

bnergy efficient automation functionscCan also be designed where new (g
ogy is introduced and/or a RENKEI selution is needed.

Specific recommendations
ommended:

define energy efficiency.as a component, as part of a system, and as part of a f
rgy management ssystems and practices. Improving industrial energy ef
uires a mix of compatible standards and policies.

dled as ansenergy management unit. It is practical to start energy manageme
adly defined boundaries. When key factors for improving Energy Efficien
lysed,«the initial boundaries can be narrowed down by focusing on the specific

that iscte be improved. Flexibility in defining such boundaries enables p

img

rovements in energy efficiency that can maximize the utilization of existing facili

rs for

cepted
rocess

Some
energy

rocess

cility’s
ciency

standardise a'methodology for defining the boundaries of a facility so that it Tay be
n

using
cy are

factor
actical
ies.

3) To define KPIs for appropriate funciion levels and subsystems by taking the approaches
proposed in 6.4. Through the use of these management indexes, it is possible to confirm
the implemented automation functions and the results achieved in improving energy
efficiency.

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

5) 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.

6) To

standardise the energy performance test procedure.

4 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.

7.4.2 Building automation and facility management

There H%%%fﬂ%ﬁd%&@m%&peﬁny the
smallef systems often do not have a network interface because of price reasons.‘This fact

results|in many small control applications which are only manageable manually.

Bus/neftwork interfaces in use today are5:

e BACnet™

e EtherNet/IP™, DeviceNet™ and other CIP networks (IEC 61784<1%and IEC 61784-p, CPF
2)

e Konnex (KNX®)

e LorWorks®

e Mogdbus® (IEC 61784-2, CPF 15)

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

There @re advantages when facility controls are¢interconnected with production systemis. This
is the gase in some of the newer plants and itis 'seen as a big advantage.

EXAMPLUE Air condition and lighting can be switehed adaptively even when the production schedule is changed
dynamichplly.

Knowr] issues
There g@re not enough sensors\(area-wide) for a closer control and measurement due to

e the|component price;and

o thellack of sufficient/(low cost and standardised) interfaces.

Systenms and components do not have proper means to measure their current inrushf/power
consumption.

8 Camponents

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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e control devices;
e power supplies;

o 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

Status

System designers have to specify drive parameters without knowing all (dynarpically)
changipg parameters of the motor, gear box, belts, reels, etc., and the load.

Reconmmendations

Electrig¢al drives should regulate or self-learn the parameters for optimalenérgy efficiengy.

8.2.2 Electrical drives: standardised intermediate current link
Status

Intermgdiate current links of different manufacturers are ineompatible.

Reconjmendations

Define|a standardised intermediate current link>for electrical drives (voltage, connecfor and
synchrpnisation).
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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.

Enviroi.mam&mMWMmamiaamﬂmmmLMLw.ssiﬁed
into the three categories of “direct influence”, “indirect influence” and “manufacturing,pystem

life cy
influen

equipm

constit
influen

system|, while the “manufacturing system life cycle influence” represents the support p
e entire life cycle of the production system.

over th

Figure
the foc

Direct influence

Cle influence”. Inputs and outputs in the horizontal direction constitute~the
ent to produce individual products. Inputs and outputs in the yertical d

ce” is made of the inputs and outputs associated with the maintenance of a pro

Material &

Indirect influence

CRR influence

Manufacturing
equipment in

Manufacturing
support;system

indirect mode

(powenrdistribution,

Manufacturing
system
construction /
reconfiguration &

(idle, standby, on-sité power generation ;
- i retirement
maintenance) oil Fwater / chemicals /
gas’/ air supply / treatment (construction

system, lighting,
air conditioning)

Resources Resources

of:the unit process

Manufacturing

reconstruction, reuse,
recycle, disposal)

Resources

“direct

ce”, they are the inputs and outputs directly involved in the operation of mManufgcturing

rection

ite the “indirect influence” and the “manufacturing system life cycle infldence”. “Indirect

juction
ovided

A.1 and Figure A.2 are derived from ISO 20140-1:2013Figure 4. Figure A.2 illustrates
Lis of this technical report.

I% Product
parts Jo process l
c
3
o f .
8 Work piece EnabledTby Work piece Reusable
Other direct g In process In process material
resources “i Manufacturing
(energ_y, coolant, %) equipment Direct waste
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Figure A.1 — Unit process model

2340/13
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Manufacturing
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(idle, standby,
maintenance)
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° Material & > Manufacturing
e parts ] I ’ process
o c
=]
..5:_’ S Work piece T
= i Enabled | b
B Other direct £ kit Y
£ resources E’, Manufacturing
o (energy, coolant, ) equipment
lubricant...) operation
Waste
&
release

Product
; C Ay
YVork piece Reusable
in process material
Nno
) Direct waste
& release
IEC| 2341/13

Figure A.2 — Unit process model dealing with the direct and indirect influences

Figure |A.3 shows the process unit role in the definition and context of a plant. Figure A.4,
taken from IEC 62264-1:2013, Figure 5, shows _how process units provide a common| model
for equipment in plants from different industriak'sectors, arranged in a hierarchy descrjibing a

generig enterprise.

Sitq
Site facilities -
and utilities =il
Manufacturing support system —— ~ Manufacturing support system
Plant >\" o Plant L
Plant facilities Buildin Plant facilities Buildin
and utilities 9 and utilities 9
o
Area Area Area Area
work_) || work Work || Work Work Work Work
center center enter center center center

Figure A.3 — Process units in the definition and context of plants

IEC 2342/13
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Figure A.4 — Typical expanded equipment hierarchy
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Framework for the setting of ecodesign requirements for energy<using products
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deman
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Reguﬂtion (EC) No 640/2009, implementing the Directive 2005/32/EC of the Eu
ent and of the Council with.regard to ecodesign requirements for electric motorg.

Annex B
(informative)

Current approaches for KPIs for energy efficiency

Existing KPIs

lowing list gives examples of already existing KPI for energy efficiency.

opean Directive 201073 1/EU(2010-05-19)
rgy performance of buildings (recast of 2002/91/EC Directive)

rective concerns the residential sector and the tertiary sector (offices, public bu
he scope covers all aspects of energy efficiency in buildings in an attempt to es
ntegrated approach.

opean Directive 2005/32/EC "EuP" (2005-07-06)

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

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

0 for energy. Improved energy end-use efficiency will also contribute to the redu
energy consumption, to the mitigation~of CO, and other greenhouse gas emi

Idings,
tablish

directives concern the need for improved ‘energy end-use efficiency and managed

ction of
5sions.

entation measures within the framework of the 2006/32/EC Directive are publis

ement measures may be developed and implemented. For example: Com

Parlia
e 200
Un
e EN
En
e |E
Wa
e En
Ou

6/32/EG
il 2016: 9 % reduction of energy compared to 2001 to 2005

6001 (targeted beginning 2012)
rgy Managemeént Process within Companies

60456
hing machines

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

reas in which energy efficiency improvement programmes and other energy efji[‘ciency

hed to

ission
opean

A)

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

e ME
Min

B.2

PS
imum energy performance standard (Americas, Australia & New Zealand)

KPIs for components

For energy transforming components, today often only the nominal or best efficiency factor is
stated. 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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Examp
. kg
o effi
B.4
Examp
o Ber
e Pro
e Onl
B.5

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

NOTE

praduction facilities
plant facilities

i) management

ii) marketing

i) ...

per employee

es of existing KPls:

CO, per unit produced

Ciency factor

KPIs for systems

efit: input energy.

es of KPI definition possibilities from a.system perspective:

blem: benefit for every system is different.

y possible solution: comparison only of systems with the same benefit.

Target values of KPI by industry sectors in Japan

Bource: 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
electrical furnaces (business to )
manufacture pig iron using 1) The value obtained by 4/B
U:Ubtl;ba: fullldbcb tU |||cx||ufcu.,tu|c A: Energy Consumpt'on n 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-olled
common steel products'from
billet
B: Amount of rolled-steel
1C Special steel manufacturing using Sum of 1) and 2) 0,36 kl/t of less

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 valué 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

The value obtained by 4/B (thermal

100,3 % or more

supplies electricity determined by efficiency standardised index) of thermal
2.1 of Act on the Rational Use of ) - . efficiency
Energy among general electricity 4: Thermal efficiency obtained | gi53nqardised
industry determined by 2.1.1 of by a performance test of rated index
Electricity Utilities Industry Law or output at thermal electric power
wholesale electricity industry generation facilities of factories
determined by 2.1.3 of Electricity that run this business
Utilities Industry Law) (excluding low power facilities)
B: Designed efficiency of the
rated output
In the case of plural facilities in the
fa\.tuly, t:IU VG:UU ;D \‘:thllll;llcul 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 electric
power generation facilities of
factories that run this¢ousiness
B: Higher calorific(value of the
fuel that was required to
generate thectotal’energy
3 Cement manufacturing (business to | Total of 1) to/4) 3 891 MJ/f or
manufacture portland cement (JIS R less

5210), blast furnace cement (JISR | 1) Thealue obtained by 4/B

5211), silica cement (JIS R 5212),

ANEnergy 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.
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Figure B.1 — Product production process
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Figure B.2 — Production process flow
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Annex C
(informative)

Energy baseline model

Guidelines for the creation and usage of an energy baseline model

An energy baseline model represents the relationship between energy consumption and a
production parameter which is a key driver. It can be expressed as an approximation, a

relatiorl_l—ﬁ_l_l_ﬁ_h_l_W'ﬂhl_t_n_l_a EXpression, or a data set In a spread sheet. With simple facilities, |
determfined by a linear approximation (see Figure C.1). With an entire plant or some ¢

combin
produc
mode

can be]
actual

time pe
enough
factors

ation of facilities, facility operating conditions are not necessarily related

needs to be broken down into several smaller models for equipment or-other ite
expressed by an approximation. An energy baseline model should-be createq
measured values. In actuality, output values from facilities will Rot" change in
riod. To obtain the most accurate model possible, the baselineperiod needs to
(at least one year) to capture normal variations in production volume and se
across all seasons. Therefore management should be\initially performed U

theoreflical characteristic or an initial characteristic that comes\from the vendor of the

The ini

It is re
depeng
used fd

fial model can then be modified using actual measuredyvalues.

commended to periodically update the energy baseline model, with the update

ing on the facility characteristics. It is recommended that standardised nota
r the energy baseline model.
&
Baszeline model
(Initial setting)
== o o0 " "
g '__.__,,_._--—1-
5 t\-\_ Actual data
. -
production

IEC 2346/13

Figure C.1 — Energy baseline model

ban be
bmplex
to the

fion volume and it is sometimes difficult to create an approximation. In such’a cT]e, the

s that

using
b short
be long
asonal
sing a
facility.

nterval
ion be

The ac

curacy of a mathemaltical model needs 10 be delermined based on the required

evel of

energy 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
effectiveness of
improvements.

- Maintenance
and renewal of
facilities.

1) The modelling of facility energy
consumption characteristics.

(Characteristics that represent the
relationship between energy consumption
and key drivers such as production
volume)

An energy characteristics reference model
should be defined based on the following:

—  purpose of the equipment,

—  principle of operation of the facility,
—  products produced by the facility.

It is desirable to define the reference

model based on actual measurements.
Theoretical data or initial characteristic

data nraovidad by thao vandaor ic alcn

acceptable.

With simple facilities, it can bé“detefmined
by a linear approximation.

With an entire plant or axcomplex
combination of facilitiesyprediction will be
more accurate if the model is broker] down
into several smallermodels.

2) Energy characteristics for each
operating status.

Operation status of a facility and the
energy consumption for each operating
status

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

ISO 22400-2.

It is desirable\to'create an energy
consumption model for each operating
status,{actoring in key drivers such jas
production volume.

Cc.2

C.21

Two edamples of a facility energy'baseline model are given below.

General

Examples of a facility energy.baseline model

It is recommended that both simple and detailed baseline models be provided for a range of
facilitigs that take into-consideration the energy consumption and the energy characteristics of

the facjlities.

C.2.2

Figure|C.2\shows a pump control system that controls the number of activated

Cooling'water pump with parallel pumping control

pumps

depending-/on the discharge flow of water. Discharge pressure P is controlled at a cpnstant

value by a return valve that returns the excessive water back to the suction side. This system
has three levels of power consumption, depending on the discharge flow Q. The formula
below is used to calculate how much power is consumed to provide the discharge flow Q so
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<=0Q<500m3h, n=2for 500 <=0 <1000 m3h, n=3for1000<=0<1500
m3/h
Constant pressure control @
- [P e Mo ] 2|
' T oa » i i '
g Ol gl i
L CO0 B g
o | -
| et 5 |
2 P
® Pressure Sensor : E i
@ Flow Sensor 500 _ 1000 15I00
@ Feed Pump Q
1EC "2347/13
Figure C.2 — Cooling water pump facility with parallel"'pumping control
Cc.2.3 Cooling water pumps with variable frequency AC:drive
This system, shown in Figure C.3, controls P (the discharge pressure) to a constant value by
controlling the pump speed corresponding to Q (the discharge flow). This is a general g¢nergy-
saving|method. It has higher energy efficiency thanithe system described in C.2.2 bgcause
cooling water is not returned using the return valve:’ The energy consumption of this faility is
proporfional to the product of O and P. When @Q-and/or P are outside the ranges defined below,
the pump will stop automatically. It is necessary to operate the pumps at maximum chpacity
for a cg¢rtain time period after start-up. It is;generally sufficient to use the defined mode| based
on Q ¥ P (formula 1) below). If the facility is frequently started up and shut dowWn, the
calculation model should be modified @ccordingly.
Condition:

Three pumps are used.«The rated power consumption of each pump is 15kW.
Thg number of activated pumps is dependent on the flow Q.

The variable frequency AC drive is attached to each pump.

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

Formu

1)

la:

Pewer consumption (kW) = O (m3/h) x P (MPa) x K + 0,5

Where K = 0,334 for 4 m3/h < 0 < 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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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

Energy labels are in general different for different countries. Figure D.1 shows some
examples.

Energy mihing Q/Q

Manufacjurer
Maodel

More effigent u

®
i -
MEIGEXX RN
CHINA ENERGY LABEL
i
Less efficlent COBRO )
Emn congumption
] e 155 | BT RER 3 ENERGY
ot Ay A A | RATING
\.N:ﬁn:g_;_pe«mmm Apcoera A
in dlzmg performance | AecoerFs
:;..._u.:; v LRI Al P
Capacity (edtton) kg 50 e e — PR RO BUE A
Water consgmption 55 o™ o 100x 450w R QK (1)
Nol: Washi A=
b PR it IR P s casnnmne
e m 9,900m T+ T ek GB 18613-2012
F—— R ORI RS L. ST I ORLNSERUEL LS. -
o e et vt s \'
. ~ h .
EU Japan 3 ustralia us hina
A\ IEC 234913

xO
&
Figtf)\\(dj — Examples of energy labels
D.2 |Energy label f@@ectrical motors
IEC/TQ 2 already I@»’an efficiency classification standard, IEC 60034-30.

IEC 60034-3@%% the energy efficiency class with a label made of the letters “IE’| (short
for “Intar@g al Energy-efficiency Class”) and a number.

IE1 is standard efficiency. IE2 is high, IE3 is premium, and |IE4 is super-premium. |IE4 has the
highest efficiency.

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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