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Foreword

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

The procedures used to develop this document and those intended for its further maintgnance are
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria-needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attlention is drawn to the possibility that some of the elements of this documéntmay be the|subject of
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights.[Details of
any patent rights identified during the development of the document will be’in the Introductfon and/or
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users anfl does not
conpstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific ferms and
expressions related to conformity assessment, as well as information about I1SO’s adherefhce to the
Warld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see thq following
UR[L: www.iso.org/iso/foreword.html.

Thjs document was prepared by Technical Commiittee ISO/TC 244, Industrial furnaces and jassociated
prqcessing equipment.

Aljst of all parts in the ISO 13579 seriescan be found on the ISO website.
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Introduction

The Kyoto Protocol of the UN Framework Convention on Climate Change defines a system for emission
reduction called the Clean Development Mechanism (CDM). In order for the industrial furnace
manufacturers industry to address global warming based on the Kyoto Protocol, it is necessary to have
fair guidelines to make use of CDM.

ISO 13579-1 to ISO 13579-4 focus on evaluating the overall efficiency of industrial furnaces and
associated processing equipment (TPE) system, including electrical energy consumption as fuel

equivalen

Fenergy, to help the industry facilitate implementation of CDM

However,
(e.g. heat
energy-sa
the follow|

these documents do not define and specify efficiencies of each specific component 'of ]
recovery equipment, heating chambers, etc.), which are directly related to and available
ying measures. With this in mind, this document has been developed to specify and prov|
ing information:

— definitions of the various kinds of efficiency of TPE using designation systers and by defin

energ
NOTE

— evalu
based

In additio
based on ¢

— Thew
law o
energ
exerg
of the

v balance boundaries within the TPE based on its elements;
The definition for TPE efficiency varies according to region.

htion formulae of energy reduction factors, which are available for actual energy conservat
on the energy balance measurements.

xergy, i.e. efficiency based on availability of fuel energy, for the following reasons.

hole amount of “energy” in the “closed” terrestridalsystem is preserved due to the conservat
[ energy while “exergy” inherently decreases:The term “energy” related to energy crisig
y issue is “exergy”. Therefore, it may be sdid that controlling the degrees of a decreasq

indexes to evaluate the energy efficiency of TPE.

— It enaples a fair comparison among heating furnaces with different heating conditions or hea

mater

— Imprg

ials as a result of a common thermodynamic viewpoint.

vement in exergy efficiencyyleads to essential efficiency-enhancing measures in energy usa

PE
for
ide

ng

on

n to these evaluations in terms of enthalpy, this document also deals with energy efficiency

on
or
in

y (or dissipation of available energy) is the essence of the energy crisis. As such, exergy is ¢dne

fed

ge.

Vi
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Industrial furnaces and associated processing
equipment — Method of measuring energy balance and
calculating energy efficiency —

Part 11:
Eyaluation of various Kinds of efficiency

g

1 [ Scope

This document specifies classifications and designations in the methodology of energy |efficiency
evaluation of industrial furnaces and associated processing equipmenty(TPE), includipg energy
efficiency in terms of exergy as well as enthalpy.

Thjs document does not apply to the following types of TPE:

— | blast furnaces, basic oxygen furnaces, coke ovens;

— | furnaces that generate gases to be used as fuel (including by-product gases);
— | special atmosphere gas generators;

— | industrial furnaces that are designed for chemtical plants or petroleum plants;
— | installations where heating or combustion'is performed in an open space;

— | installations that combust solid fuel;

— | waste incinerators.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of thdir content
comstitutes requirements of this document. For dated references, only the edition cited applies. For
unflated references;the latest edition of the referenced document (including any amendmentf) applies.

ISQ) 13574:2015/ndustrial furnaces and associated processing equipment — Vocabulary

ISQ 13579-3:2013, Industrial furnaces and associated processing equipment — Method of measuring
engrgy bolance and calculating efficiency — Part 1: General methodology

ISQ) 13579-2:2013, Industrial furnaces and associated processing equipment — Method of measuring
energy balance and calculating efficiency — Part 2: Reheating furnaces for steel

ISO 13579-3:2013, Industrial furnaces and associated processing equipment — Method of measuring
energy balance and calculating efficiency — Part 3: Batch-type aluminium melting furnaces

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13574, ISO 13579-1 and the
following apply.

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

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

© IS0 2017 - All rights reserved 1
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— IEC Electropedia: available at www.electropedia.org

3.1 General terms

3.11

boundary
enclosed section that is defined for an energy balance evaluation of object(s)

Note 1 to entry: The energy efficiency evaluations are possible once a boundary is set.

3.1.2

product
item proc¢

EXAMPLE

Note 1 to eptry: Product does notinclude by-products formed in the thermo-processing, e.g. formation of oxidi

substance

Note2toe
product.

[SOURCE:

3.1.3
energy b
grouping
provided
endotherr

Noteltoe

3.1.4
energy ef
efficiency

Note 1 to ¢
input are d

3.1.5
specific e

specific efergy defined inthis"document as effective energy output from the boundary for calculat

of an inde

EXAMPLE

3.1.6
specific e

essed in a TPE, including auxiliary material

Auxiliary material loaded in scrap melting process in addition to the main material (he: scraps

uch as iron-scale and aluminium oxide.

try: Product does not include the accessories, e.g. jigs or fixtures that are heated simultaneously w

[SO 13574:2015, 2.134, modified]

|lance analysis

pf energy values into either input energy or output ‘energy, by measuring and calculat
energy, including by exothermic reaction and outflowing energy, which also includes
hic reaction to/from the boundary

htry: The total energy input and the total energysoutput inherently balance.

ficiency

defined as specific energy output (3:¥5) divided by specific energy input (3.1.6)

ntry: Energy efficiencies are expressed in percentages. Specific energy output and specific ene
pfined in this document.

nergy output

x of efficiency of\FPE

Enthalpy-accumulated in product through a TPE process.

nergy input

amount of

—

ved

ith

ng
by

gy

on

supplied energy defined in this document as energy brought to the boundary for calculat

on

of an index of efficiency

3.1.7
available

heat

calorific value which is required in a heating chamber of a furnace under specified operating or
equipment conditions

Note 1 to entry: Available heat is a form of specific energy output defined in 6.2.5.

Note 2 to entry: “Available energy” in exergy terms has a different concept.

Note 3 to entry: See A.2.5.

© ISO 2017 - All rights reser
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3.1.8
available heat ratio
index of efficiency defined as available heat (3.1.7) divided by the calorific value of fuel

Note 1 to entry: This term is one of the significant indexes of a combustion furnace.

3.1.9

fuel equivalent energy of electricity

amount of primary energy which is equivalent to the calorific value of fuel input consumed in electrical
generation

3.1.10
fuil equivalent energy conversion
comversion of electrical energy consumption to fuel equivalent energy of electricity (3.109)

Note 1 to entry: The factor for calculation, which is generally available, is not considered 10ss betweer) the power
redeiving station to the TPE’s power receiving terminal.

Note 2 to entry: The unit k]/kWh is generally used.
Note 3 to entry: The value for fuel equivalent energy conversion varies depending on governments orfregions.
Note 4 to entry: It should be indicated when the conversion is conducted-

3.1.11

energy performance indicator
amjount of energy that is consumed per specific production unit of utilities or per specifid output of
auxiliary equipment

3.1.12

exergy
mgximum work which can be extracted undér the ambient temperature of a place, which if generally
defined as

EX=AH-ToAS

whlere

EX isthe exergy (maximum work);
AH is the changeé.n enthalpy;
To isthe ambient temperature, in Kelvin;

AS isthe change in entropy.

Note Yto'entry: There are chemical exergy, pressure exergy, mixing exergy and thermal exergy in a gombustion
sygtém. But pressure exergy and mixing exergy are negligibly small.

3.1.13
exergy loss
difference between exergy that flows in to and flows out from the targeted boundary (3.1.1)

3.1.14
furnace structure
sum of furnace walls, cooling water equipment, furnace opening, etc.

3.2 Balance table

NOTE See Table A.3 and Table A.7 as examples.

© IS0 2017 - All rights reserved 3
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3.21
energy balance table
table on which breakdowns of energy input and energy output are listed

3.2.2

efficiency evaluation table

reorganized table from an energy balance table (3.2.1) to categorize energy groups such as specific
energy input (3.1.6) or specific energy output (3.1.5) to calculate an efficiency index while maintaining
the energy balance

4 Symbols

4.1 Symbols for energy/exergy

Symbol Definition

Eaux energy consumed in auxiliary equipment per tonne of product
Eavailable | available heat per tonne of product

Eavailable 1 | available heat of the baseline, in M]/t

Eavailable 11| available heat after energy saving measure, in M/t

Eex sensible heat of exhaust gas per tonne of product

Eexir sensible heat of exhaust gas from fuel at the inlet of heat recovery equipment per tonne of produc

Eex,oc sensible heat of exhaust gas from fuel at the outlet of combustion chamber per tonne of product

Eex or sensible heat of exhaust gas from fuel at the outlet of heatrecovery equipment per tonne of produft

Eexrm,ir sensible heat of exhaust gas from raw materials at the'inlet of heat recovery equipment per tonng
of product

Eexrm,oc | sensible heat of exhaust gas from raw materials at the outlet of combustion chamber per tonne
of product

Eexrm,or | sensible heat of exhaust gas from raw materials at the outlet of heat recovery equipment per tonnge
of product

Efe el fuel equivalent energy of electricity-per tonne of product

En energy input to the heating chamber per tonne of product

Enel heat energy by electroheating per tonne of product

Eh fuel calorific value of fuel per tonne of product

Eh fuel 1 energy consumptien(calorific value of fuel) of the baseline, in M]/t

En fuel 11 estimated energy-consumption after energy saving measure, in MJ/t

Ehre recovery heat per tonne of product

Eh reex recovery.heat from sensible heat of exhaust gas per tonne of product

Eh,repr recovery heat from sensible heat of product per tonne of product

E) thermal energy loss per tonne of product

Elatm energy loss by atmosphere gas per tonne of product

Eleg electrical generation loss per tonne of product

Eleh electrical energy loss in electroheating per tonne of product

Elexrm energy loss by exhaust gas from raw material

Elfs energy loss from furnace structure per tonne of product

B energy required for heating jigs and other substance per tonne of product

Elns energy required for heat storage of furnace structure per tonne of product

El other other energy loss per tonne of product

Eluc energy loss by uncombusted content per tonne of product

Ep1 enthalpy of product at the time of loading into the boundary per tonne

4 © IS0 2017 - All rights reserved
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Symbol Definition

Ep2 enthalpy of product at the time of extraction from the boundary per tonne
Epr energy required for process per tonne of product

Epren enthalpy change in product per tonne

Eprev energy required for drying and evaporation per tonne of product

Eprre energy required for endothermic reaction for heated material (product)
Ercy recycled energy per tonne of product

Ej air sensible heat of combustion air or other oxidant which is not preheated per tonne of product
Eshtomize sensible heat of atomization agent per tonne of product

Eskuel sensible heat of fuel per tonne of product

Eskuid sensible heat of fluid at the inlet per tonne of product

Esfnfilt sensible heat of infiltration air per tonne of product

Esp-in specific energy input per tonne of product

Esp-out specific energy output per tonne of product

Erdactexo heat of exothermic reaction per tonne of product

Eylgen energy consumed in generation of utilities per tonne of product
EXbux exergy consumed in auxiliary equipment per tonne of product
EXhvailable available exergy per tonne of product

EXpx ir exergy of exhaust gas at the inlet of heat recovery equipment per tonne of product
EXex oc exergy of exhaust gas at the outlet of combustion.chamber per tonne of product
EXex or exergy of exhaust gas at the outlet of heat recayery equipment per tonne of product
EXh el exergy input from electrical source per tonne of product

EXh fuel exergy of fuel per tonne of product

EXh re recovery exergy per tonne of product

EXj atm exergy in given enthalpy to atmesphere gas per tonne of product

EXjien exergy loss in electroheatingper tonne of product

EX ts exergy in heat loss from furnace structure per tonne of product

EX hs exergy in energy required for heat storage of furnace structure per tonne of product
EXyj exergy in required for heating jigs and other substance per tonne of product

EXother exergy in othér energy loss per tonne of product

EXpr,en exergy in.given enthalpy to product per tonne
EXprev exergydin énergy required for drying and evaporation per tonne of product
EXprre exergy required for endothermic reaction for heated material

EXreact,exo “€x€rgy of exothermic reaction per tonne of product

EXsp-in specific exergy input per tonne of product

EXsfout  specific exergy output per tonne of product

EXsfluid  exergy of sensible heat of fluid at the inlet
EXrey exergy of recycled energy per tonne of product
EXy,gen exergy consumed in generation of utilities per tonne of product

EXy recovery of exergy as steam

4.2 Other symbols

Symbol Definition

Ap theoretical volume of combustion air per unit fuel consumption, in m3(n)
c weight fraction of carbon contained in liquid fuel

Ca mean specific heat of air, in k] /(kg-K)

© IS0 2017 - All rights reserved 5
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Symbol Definition

Cg mean specific heat of exhaust gas, in kJ/(kg-K)

Cpm,ex mean specific heat of exhaust gas, in kJ/(kg-K)

Cpm,fl mean specific heat of fluid (fuel or combustion air), in k] /(kg-K)

Cpm,c mean specific heat of combustion gas, in kJ/(kg-K)

Cpm,w mean specific heat of liquid water, in kJ/(kg-K)

Cpm,ph mean specific heat of preheated item (e.g. product, fluid), in kJ/(kg-K)

Cpmyv mean specific heat of water vapour, in kJ/(kg-K)

ec0 chemical exergy per unit quantity of fuel, in k]/m3(n)

Go theoretical volume of exhaust gas per unit fuel consumption, in m3(n)

h weight fraction of hydrogen contained in liquid fuel

Hex sensible heat of exhaust gas at the outlet of combustion chamber per unit fuel consumption, in MJ
m3(n) or MJ/kg

Hy, gross calorific value of fuel per unit quantity of fuel, in kJ/kg or kJ/m3(n)

H net calorific value of fuel per unit quantity of fuel, in J/kg or kJ/m3(n)

Hy sensible heat of preheated combustion air per unit fuel consumption, indMJ’m3(n) or MJ/kg

Hy recovered enthalpy by generation of steam per tonne of product, in K/t

AH change in enthalpy per tonne of product, in kJ/t

L latent heat of vaporization of water, in kJ/kg

m air ratio

mi air ratio of baseline

mp air ratio after energy saving measure

Mex mass of exhaust gas per tonne of product, in kg /t

my) mass of fluid (fuel or combustion air) per tonne of product, in kg/t

me,c summation of mass of fluid provided per tonne of product and mass of theoretical combustion air
corresponding to the amount of fuel, in'kg/t

Mph mass of preheated item (e.g. product;fluid) per tonne of product, in kg/t

my1 mass of steam as atomization agent required per tonne of product, in kg/t

my2 mass of steam recycled from'exhausted energy required per tonne of product, in kg/t

0 weight fraction of oxygen.contained in liquid fuel

R gas constant

s weight fraction dfsulfur contained in liquid fuel

AS change in enttopy per tonne of product, in kJ/K/t

ta temperatune of preheated combustion air, in K

tgout temperature of exhaust gas at the outlet of combustion chamber, in K

Tad adfabatic flame temperature, in K

To ambient temperature, in K

Tex temperature of exhaust gas at defined location in K

Ttc temperature inside furnace, in K

Tp temperature of fluid (fuel or combustion air), in K

Toh temperature of preheated item (e.g. product, fluid), in K

Tv1 temperature of water vapour as atomization agent, in K

Tv2 temperature of water vapour recycled from exhausted energy, in K

Ve fuel consumption per tonne of product, in m3(n)/t or kg/t

X; volume fraction of fuel component i

Qes energy saving ratio (%)

6 © IS0 2017 - All rights reserved
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Symbol Definition

n specific energy efficiency of enthalpy

1 overall efficiency in accordance with ISO 13579-1

n2 heat efficiency on the whole calorific value basis

n3 heat efficiency on the supplied calorific value basis

ns combusted fuel ratio

n7 ratio of waste heat recovery in combustion furnace

n* available heat ratio

n* available heat ratio of the baseline

n* estimated available heat ratio after energy saving measure

n* converted available heat ratio where waste heat recovery is not considered

Ne electrical generation efficiency

Nexh ratio of waste heat of combustion exhaust gas to calorific value of fuel

Ne specific exergy efficiency

Net™ ratio of exergy in available heat to the input exergy

Nex1 overall exergy efficiency in accordance with ISO 13579-1 using Gibbs free energy of fuel

Nex2 heat exergy efficiency on the whole calorific value basis using Gibbs free energy of fuel

Nexh ratio of waste heat of combustion exhaust gas to calorificvalue of fuel

nR effective ratio of waste heat recovery in combustion€urhace

nrli effective ratio of waste heat recovery in combustion furnace of the baseline

R effective waste heat recovery ratio in combustion furnace after energy saving measure

Nrdy,steam ratio of enthalpy which is recovered in the generated steam to the whole enthalpy providg
steam generator

5 | Boundary and energy (enthalpy)

5.1 Configuration of the area‘of evaluation

The general configuration of-the area of evaluation under the scope of this document cons

following:

— | heating chamber (key 1);

— | burner (key 2J;

heat recovery equipment (preheating equipment using exhaust gas) (key 3);

electrical generation (key 4);

electrical auxiliary equipment (e.g. fan motor, compressor) (key 5);

d to the

ists of the

generation of utilities (e.g. endothermic gas generator) (key 6);

electrical heating (key 7).

NOTE

For keys, see Figure 1.

5.2 C(Classification of boundary

The codes for each classification of boundaries drawn for the evaluation of energy efficiency of TPE
specified in Table 1 apply.

© IS0 2017 - All rights reserved
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Table 1 — Classification of boundary

Symbol Classification of boundary Description
EB1 Overall process of TPE As specified in [SO 13579-1.
Electric generatora can be excluded when fuel equivalent
energy conversion is not considered.
See 6.2.2 for typical efficiency applicable to this boundary.
EB2a Heating chamber with heat Recovery heat shall be considered as internal circulating heat.
recovery equipment Auxiliary equipmentb and utility generatore¢ shall be excluded.
EB2b Heating chamber and cooling ] o ]
zone with heat recovery Seg 6.2.4,6.2.5 and 6.2.7 for typical efficiency applicable’to
equipment this boundary.
EB3a Heating chamber Heat recovery equipment shall be outside the bouhdary.
EB3b Heating chamber and cooling Auxiliary equipmentP and utility generatorc shatl be excludéd.
zone See 6.2.3, 6.2.5 and 6.2.7 for typical efficiéngy applicable to
this boundary.
EB4 Heat recovery equipment
EB4a Combustion air preheating Boundary shall be set adjacent to:the heat recovery equip-
equipment mentd.
EB4f Fuel preheating equipment See 6.2.6 for typical efficiency applicable to this boundary.
EB4p Product preheating equipment
EB5 Auxiliary equipment Auxiliary equipmentbshall explicitly be specifiede.
EB6 Utility generator Utility generatoreshall explicitly be specifiedf.
NOTE Key$ mentioned are found in Figure 1.
a  Seekey 4.
b Seekey 5.
¢ Seekey 6.
d  Seekey 3.
e For exgmple, blower.
f For ex]mple, 02 generator.
5.3 Classification of energy, (enthalpy)
The classification of energy types and symbols specified in Table 2 apply.
The basic pnit of energy specified in Table 2 is 1 k] per tonne (i.e. 1 000 kg) of product, unless otherwjise
specified.
For calculfition‘of-each classification of energy, see 5.4.

Iable Z — LlassIIication or energy

Classification Symbol Description

Energy input to the heating chamber i i En 5.4.1

Energy input from electrical source

Eh el 5.4.1.2

Calorific value of fuel Eh fuel 5.4.1.3

Heat of exothermic reaction Ereact,exo 5.4.1.4

Sensible heat of fluid at the inlet Es fluid 5.4.1.5
NOTE See Figure 1.
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Table 2 (continued)

ISO 13579-11:2017(E)

Classification Symbol Description
Energy required for process Energy required for drying and Epr 5.4.2
evaporation Eprev 54.2.2
Energy required for endothermic Eprre 5.4.2.3
reaction for heated material
(product)
Enthalpy change in product Epren 54.2.4
Se 1o;blc hcat Uf CAhCllet SOD Clt thc SCIIDiblC hcat Uf CAhath SCID lcl UIll EeX,OC L .;5.1
ouflet of combustion chamber fuel
Sensible heat of exhaust gas from Eexrm,oc 54.3.2
raw materials
Sepsible heat of exhaust gas at the Sensible heat of exhaust gas from Eex or 5441
ouflet of heat recovery equipment fuel
Sensible heat of exhaust gas from E&grm or 54.4.2
raw materials
Sepsible heat of exhaust gas at the Sensible heat of exhaust gas from Eex ir 5.4.5.1
inlet of heat recovery equipment fuel
Sensible heat of exhaust gas from Eexrm,ir 5.4.5.2
raw materials
Relcovery heat Recovery heat Ehre 5l4.6
Recovery heat from sensible heat of Eh reex 5.4.6.2
exhaust gas
Recovery heat from sensible heat Eh,repr 5.4.6.3
of product
Thermal energy loss E) 514.7
Energy loss by uncombusted content
Eluc 54.7.2
Energy required for heating jigs and Elj sh73
other substance ’ [
Energy loss from furnace structure Elfs 54.74
Energy required for heat storage of
furnace structure Elhs SpZ
Energy loss by atmosphere gas Elatm 5.4.7.6
Energy loss by exhaust gas from
raw material Elexrm Sp27
Other energy loss E1other 5.4.7.8
El¢ctrical enexgy loss in electroheat- |Electrical energy loss in Eleh 5|4.8
ing electroheating
Additiénal energy consumption Energy consumed in auxiliary Eaux 5149
equipment
Energy consumed in generation Ey,gen 5.4.10
of utilities
Electrical generation loss Electrical generation loss Eleg 5411
Fuel equivalent energy of electricity |Fuel equivalent energy of electricity Efeel 4.12
Energy to be used outside TPE Recycled energy Ercy 5413

NOTE See Figure 1.
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Key
1 heating chamber/combustion chamben@ Energy required for process (Epr) and thermal energy losses (Ep).
2 burnel b Efuid (air) + En re-
3  heatrgcovery equipment ¢ Ehfuel + Es fluid (fuel).
4  electrifal generation d  Ep fuel + Esfluid (fuel) + Ep re.
5 electrifal auxiliary equipment e FEexor Or Eexir
6  generdtion of utilitiés
7  electrifal heating
8 boundpry ofiefficiency evaluation
9 energy flow
Figure 1 — Example configuration of TPE and boundaries of efficiency evaluation
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5.4 Calculation of energy (enthalpy)

5.4.1 Energy input to the heating chamber (E},)

5.4.1.1 General

Calculate energy input to the heating chamber per tonne of product using Formula (1):

Ehzthi

:2017(E)

e8]

wk]ere Ey i is the individual applicable energy input to the heating chamber per tonne of prod

Ca

5.4.

Th
hei
eng

5.4
Th

Sensible heat of fuel or air is not included:

Ca

5.4.1.4 Heat of exothermicreaction (Ereact,exo)

Th
pr

redction of the electrode. Heat of exothermic reaction may be excluded from calculation
required for product depending on the condition of energy evaluation.

Ca

if applicable.

culate each applicable energy, as appropriate, in accordance with the following:
energy input from electrical source (Ey 1), as defined in 5.4.1.2;
calorific value of fuel (En fye1), as defined in 5.4.1.3;
heat of exothermic reaction (Ereact,exo), as defined in 5.4.1.4;

sensible heat of fluid at the inlet (Es fluiq), as defined in 5.4.1.5.

1.2 Energy input from electrical source (E} )

s classification is for energy supplied for electroheating as energy source. This includes
iting, induction heating, arc heating, dielectric heating and microwave heating. Fuel
brgy conversion is necessary depending on the condition of energy evaluation (e.g. in the ca

.1.3  Calorific value of fuel (E} fyel)

s classification is for energy that is generated by combustion reaction of gaseous and/or |

culate calorific value of fuel according to ISO 13579-1:2013, 9.2.1, if applicable.

s classification is for energy that is generated by exothermic reactions such as oxidation 1
pduct and calorifievalue by reactions such as exothermic reaction of auxiliary material oy

culate héat generated by the formation of scale of steel product according to SO 13579-2:2

ict.

Fesistance
pquivalent
se of EB1).

iquid fuel.

eaction of
oxidation
of energy

013,9.2.5,

Ca

ctlate heat generated by the formation of aluminium oxide according to ISO 13579-3:20

13,9.2.7, if

applicable.

5.4.1.5 Sensible heat of fluid at the inlet (Ej, fluid)

This classification is for summation of sensible heat of fluid and/or air at the inlet of heating chamber
excluding recovery heat. This classification of energy includes sensible heat of infiltration air and
atomization agent. When water/moisture is provided, its sensible heat and latent heat of vaporizing (as
negative value) shall be taken into account. This item may be omitted when the value is small enough to
neglect comparing to the entire energy input.

©lI
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Calculate sensible heat input from fluid per tonne of product using Formula (2):
Eq fuid = 2 s fuidi (2)

where Ejs fluid i is the individual applicable sensible heat of fluid per tonne of product, e.g. sensible heat
of fuel, sensible heat of combustion air, sensible heat of atomization agent, sensible heat of infiltration
air, etc.

Calculate sensible heat of each fluid in accordance with the following references, where applicable:

— ISO 13579-120137 924 T for tuel (Es fuel);

— IS0 13579-1:2013, 9.2.5 for combustion air (Es air);

— IS0 13579-1:2013, 9.2.6 for atomization agent (Es atomize);
— 1S0 13579-1:2013, 9.2.8 for infiltration air (Es infilt)-

5.4.2 Energy required for process (Epy)

5.4.2.1 [eneral

This class]fication is for the net energy required for the intended proeéss itself. Energy required for the
process is|the summation of any combination of the following thre€classifications of energy:

— energly required for drying and evaporation (Eprev), as defined in 5.4.2.2;
— energly required for endothermic reaction for heated miaterial (Epr,re), as defined in 5.4.2.3;

— entha|py change in product (Epren), as defined in $24.2.4.

5.4.2.2 Energy required for drying and evaporation (Epyev)

This class]fication is for energy required for drying and evaporation in the thermo processing.

5.4.2.3 Energy required for endothermic reaction for heated material (product) (Eprre)

This clasgification is for energy ‘required for chemical reaction for heated material in the thermo
processing. The energy is abserbed energy by chemical reactions, e.g. CaCO3 + Epr,re = CaO + CO2.

5.4.2.4 Enthalpy change in product (Epyen)
This class]fication is\for the amount of change in the enthalpy of a product in the boundary.

Calculate ¢nthalpy change in a product using Formula (3):

Epr,en = ppz = ppl 3)

Calculate enthalpy of a product at the time of the loading into the boundary per tonne (Ep1) according
to ISO 13579-1:2013,9.3.1.1.2.1.

Calculate enthalpy of a product at the time of extraction from the boundary per tonne (Ep2) according
to ISO 13579-1:2013,9.3.1.1.2.2.

5.4.3 Sensible heat of exhaust gas at the outlet of combustion chamber

5.4.3.1 Sensible heat of exhaust gas from fuel (Eex oc)

This classification is for sensible heat of exhaust gas from fuel at the outlet of combustion chamber.

12 © IS0 2017 - All rights reserved
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Calculate sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1.4, if applicable.

5.4.3.2 Sensible heat of exhaust gas from raw materials (Eexrm,oc)

This classification is for sensible heat of exhaust gas from raw materials at the outlet of combustion
chamber.

Calculate sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1.4, if applicable.

5.4.4 Sensible heat of exhaust gas at the outlet of heat recovery equipment

5.4.4.1 Sensible heat of exhaust gas from fuel (Ecx or)

Thjs classification is for sensible heat of exhaust gas at the outlet of heat recoveryrequipmgnt. In this
cage, the heat recovery equipment is integrally structured within the combustion chamber. [[ndication
thgt describes the structure of the heat recovery equipment is necessary.

Calculate sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1:4+if applicable.

5.4.4.2 Sensible heat of exhaust gas from raw materials (Eexrm,or)

This classification is for sensible heat of exhaust gas at the outlet’of heat recovery equipmgnt. In this
cage, the heat recovery equipment is integrally structured with the combustion chamber. Anlindication
thdt describes the structure of the heat recovery equipmentds necessary.

Calculate sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1.4, if applicable.
5.4.5 Sensible heat of exhaust gas at the inlet\of heat recovery equipment

5.4.5.1 Sensible heat of exhaust gas from fuel (Ecx )

Thjs classification is for sensible heat of exhaust gas at the inlet of heat recovery equipmlent which
is located well apart from combustion chamber. This classification is used for evaluation qf the heat
reqovery equipment unit.

Calculate sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1.4, if applicable.

5.4.5.2 Sensible heat-oef exhaust gas from raw materials (Eexrm,ir)

This classificatiomis’ for sensible heat of exhaust gas at the inlet of heat recovery equipment which
is located well@pdrt from combustion chamber. This classification is used for evaluation qf the heat
redovery equipment unit.

Calculate.sensible heat of exhaust gas according to ISO 13579-1:2013, 9.3.1.4, if applicable.

YZOTY

5 G Rocn rhaont (L A
RO CCOveTy Cat(Tir o)

5.4.6.1 General

This classification is for available recovery heat which is recovered from exhaust energy (e.g. heat of
exhaust gas). Recovery heat is used for preheating of fuel, combustion air and/or product provided to
the boundary.

5.4.6.2 Recovery heat from sensible heat of exhaust gas (Ep reex)

This classification is for available recovery heat which is recovered from exhaust gas.

© IS0 2017 - All rights reserved 13
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5.4.6.3 Recovery heat from sensible heat of product (Eh repr)

This classification is for available recovery heat which is recovered from product.

5.4.7 Thermal energy loss (Ej)

5.4.7.1 General

Thermal energy loss (E) is summation of any combination of the following six classifications of energy:

— energ
— energ
— energ
— energ
— energ
— energ

— other

5.4.7.2

This class

5.4.7.3

This class
for use in
product.

NOTE
depending

Calculate

5.4.7.4
Calculate

E Lfs ]

where E

toss by uncombusted CoOMtent (£ ), a5 aefimed I 54-7.2;

y required for heating jigs and other substance (E), as defined in 5.4.7.3;

y loss from furnace structure (E] fs), as defined in 5.4.7.4;

y required for heat storage of furnace structure (E] s), as defined in 5.4.7.5;
y loss by atmosphere gas (Ejatm), as defined in 5.4.7.6;

y loss by exhaust gas from raw materials (E| exrm), as defined in 5,4°47;

energy loss (E] other), as defined in 5.4.7.8.

Energy loss by uncombusted content (E) )

fication is for energy loss by calorific value of exhaust-gas.

Energy required for heating jigs and other substance (E);)

fication is for the amount of change in enthalpy of jigs, carriages and cars which are intenc
the transfer of product and other substance such as oxidized substances derived from

on the condition of the energy evaluation.

bnergy loss by jigs/carriage/according to ISO 13579-1:2013, 9.3.1.2, if applicable.

Energy loss from farnace structure (£ )

bnergy loss frem)flirnace structure per tonne of product using Formula (4):

ZEl,fsi

L i iS\the individual applicable energy loss from furnace structure per tonne of product,

loss by fuj

led
Lhe

This item, which is generally treated as heat loss, can be added as part of specific energy output,

(4)

nace walls, loss by cooling water, loss from furnace opening, etc.

NOTE
depending

This item, which is generally treated as heat loss, can be added as part of specific energy output,

on the condition of the energy evaluation.

References for calculations of each energy losses are listed as the following:

— 1S0 13579-1:2013, 9.3.1.7 for loss by furnace wall;

— 1S5S0 13579-1:2013, 9.3.1.11 for loss by cooling water;

— IS0 13579-1:2013, 9.3.1.9 for loss from furnace opening;

— IS0 13579-1:2013, 9.3.1.10 for loss from furnace parts installed through furnace wall.

14

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9b3180ced2b32a92e28edd187b451081

ISO 13579-11:2017(E)

5.4.7.5 Energy required for heat storage of furnace structure (£ ;)

This classification is for the amount of heat energy that is stored in batch-type furnace wall in its
preheating process.

NOTE This item, which is generally treated as heat loss, can be added as part of specific energy output,
depending on the condition of the energy evaluation.

Calculate energy required for heat storage of furnace structure according to ISO 13579-1:2013, 9.3.1.5,
if applicable.

5.4.7.6 Energy loss by atmosphere gas (E) 3tm)

Thjs classification is for energy loss as amount of change in enthalpy of special atmdsphere{ gas when
the gas is used in indirect heating TPE.

NO[TE This item, which is generally treated as heat loss, can be added as part/of_specific enefrgy output,
degending on the condition of the energy evaluation.

Calculate energy loss by atmosphere gas according to ISO 13579-1:2013;9.3.1.6, if applicable.

5.4.7.7 Energy loss by exhaust gas from raw materials (E} exrm)
Thjs classification is for energy loss as amount of sensible heat0f exhaust gas from raw matetials.

NO[TE This item, which is generally treated as heat lossycah be added as part of specific enefrgy output,
defjending on the condition of the energy evaluation.

5.4.7.8 Other energy loss (E other)

Thjs classification is for energy losses which.are calculated as residual term of energy balang

®

It is necessary to examine the accuracy of‘measurement when the result of calculation takep the term
as hegative value.

For definition, see ISO 13579-1:2013; 3.1.5.13.

5.4.8 Electrical energy loss in electroheating (Ejcpn)

This classification isA£0r electrical energy loss in electroheating, e.g. energy loss in trajsformers,
redtifiers and conductors. When these energies are not measured, they fall into other enefgy losses
spécified in 5.4.748:

5.4.9 Energy consumed in auxiliary equipment (E;yx)

This classification is for energy consumption by auxiliary equipment (e.g. pumps, blowers, fans,
compressors, vacuum pumps).

Calculate energy consumption by auxiliary equipment per tonne of product using Formula (5):
Eaux = ZEauxi (5)

where Ejyyx i is the energy consumption by each auxiliary equipment per tonne of product.

Calculate energy consumption by each auxiliary equipment according to ISO 13579-1:2013, 9.3.2, if
applicable.

NOTE In ISO 13579-1, the symbol for energy consumption by auxiliary equipment is E;yx.

© IS0 2017 - All rights reserved 15
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5.4.10 Energy consumed in generation of utilities (Ey,gen)

This classification is for energy used in generation of utilities (e.g. special atmosphere gas, nitrogen,
oxygen, compressed air, steam).

Calculate energy consumed in generation of utilities per tonne of product using Formula (6):
Eu,gen = 2 Eu,geni (6)

where Ey gen i is the energy consumption by generation of each utility per tonne of product.

NOTE Energy for generation of utilities can be calculated with the amount of utilities and specific,enefgy
consumptipn for generation.

Calculate [energy consumption by generation of utilities according to ISO 13579-1:2013, 9.3.3] if
applicable

5.4.11 Electrical generation loss (E]eg)
This class]fication is for energy loss in electrical generation.

Calculate ¢lectrical generation loss according to ISO 13579-1:2013, 9.3.4, ifjapplicable.

5.4.12 Fyel equivalent energy of electricity (Efe,el)

This clasgification is for aggregate of fuel equivalent energy of electricity converted from each
occurrende of electrical energy consumptions in the boundary.

Calculate fuel equivalent energy according to ISO 13579:1:2013, 9.3.4, if applicable.

5.4.13 Recycled energy (Ercy)
This class]fication is for energy which is recovered from heat loss from TPE and to use outside TPE.
Conversioh to fuel equivalent energy is necessary, depending on the condition of the energy evaluatipn.

6 Efficlency based on enthalpy

6.1 Gerneral formula

Formula (}) is the genéral formula for the calculation of specific energy efficiency of enthalpy:

Ep-out

n=— (7)

sp-in

Specific energy input (Esp-in) or specific energy output (Esp-out) consists of one or any combination of
classifications of energy specified in 5.3.

6.2 Examples of typical efficiencies

6.2.1 General

Examples of typical efficiencies are specified using the symbols defined in Table 2.
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6.2.2 Overall efficiency in accordance with ISO 13579-1
Formula (8) is for the calculation of overall efficiency according to ISO 13579-1:
E pr

L i —
Eh _Ercy

This efficiency is typically applicable to boundary “EB1”.

6.2.3 Heat efficiency on the whole calorific value basis

Formula (9] is for the calculation of heat efficiency on the whole calorific value basis:

E,,
My =—"—1—
E, +E

h,re

This efficiency is typically applicable to boundary “EB3a”.

6.1.4 Heat efficiency on the supplied calorific value basis

Formula (10) is for the calculation of heat efficiency on the supplied calorific value basis:

E,,

E

TI3=
h

This efficiency is typically applicable to boundary “EBZa”".

=)
DN

.4.5 Available heat ratio

1
=

mula (11) is for the calculation of available heat:

Eavailable = Epr + El

1
=

mula (12) is for the calculation of available heat ratio:

Eavailable

*:
1 E

h,fuel
NO[TE See 3.7 for the definition of available heat.

NO[TE SeevAnnex C for details about the application of available heat ratio.

6.2.6 A _Combustion efficiency

Formula (T3] is Tor the calculation of ratio of combusted Tuel to supplied Tuel:

E
775=

h,fuel — E

E

Luc

h,fuel

© IS0 2017 - All rights reserved
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6.2.7 Effective waste heat recovery ratio in combustion furnace

Formula (14) is for the calculation of effective ratio of waste heat recovery in combustion furnace:

Ngr =

This effici

NOTE

E hre (
E

ex,0C

ency is typically applicable to boundary “EB2” or “EB3".

14)

Increasing the ratio defined in 6.2.7 leads to improvement of the degree of energy-saving effectiveness.

2.2 1

Since the
recovery rd

6.2.8 W

Formula
recovery g

777:'

This effici

£L. ek lotad & 1o lalal 1 i e dalfi . Ve n) 1 L 1 lois £ 4
IITLU IS TTIAdLTU TU LHT avdIlldaulIt 1Itdl Tatlu utliiiitu 11l V. 4. J, LT TAAIITPIT Ul LAdItUldatiUil ULttt 1

tio is also provided in Annex A and Annex B.

aste heat recovery ratio as performance indicator of heat recovery equipment

15) is for the calculation of ratio of waste heat recovery as performance jfidicator of h|
quipment:

Eh,re (
»
I ex,ir

ency is typically applicable to boundary “EB4”.

6.2.9 Ratio of waste heat of combustion exhaust gas to calarific value of fuel

Formula (

of fuel.

nexh T

This effici

16) is for the calculation of ratio of waste heat of gombustion exhaust gas to calorific va

ex,0C
(

Eh,fuel

ency is typically applicable to boundary “EB3” or “EB2”.

6.2.10 Cgnverted available heat ratio where waste heat recovery is not considered

Formula (

considere

n*,

7 Effic

7.1 Gen

17) is for the calculatioft of converted available heat ratio where waste heat recovery is
:

1Mo (

ency based on exergy

€ral

heat

cat

(5)

lue

16)

not

17)

This clause provides definitions of exergy as an option of energy efficiency evaluation of TPE. Each
definition corresponds to enthalpy efficiency defined in Clause 6. This document does not cover entropy
increase in each process.

7.2 Boundary

Electrical

generation is inherently excluded from the boundary of exergy efficiency.

7.3 Classification of exergy

Classification of exergy types and symbols specified in Table 3 apply.

18
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The basic unit of exergy specified in Table 3 is 1 k]/t of product, unless otherwise specified.

Calculations of energy are defined in 7.4.

Table 3 — Classification of exergy

Classification Symbol Description
exergy input from electrical source EXn,el 741
Exergy input to the heating exergy of fuel EXn,fuel 74.2
chamber exergy of exothermic reaction EXcoactox 7.4.3
exergy of sensible heat of fluid at the inlet EXs fluid 7.4.4
Z)‘igrgy in energy required for drying and EXorev 745
poration .
Exergy in energy required . . .
exergy required for endothermic reaction
fora product for heated material EXpyre 746
exergy in given enthalpy to product EXpren 7.4.7
at the outlet of combustion chamber EXex,oc
Exergy of exhaust gas at the outlet of heat recovery equipment EXex or 7.4.8
at the inlet of heat recovery equipment EXex ir
Rejcovery exergy recovery exergy EXn re 7.4.9
exergy in required for heating jigs and EXy; 410
other substance 2 ——
exergy in heat loss from furnace structure EXfs 7.4.11
Thermal energy losses L E ~o&or heat st
exergy in Energy required for heat storage
of furnace structure EXihs 1412
exergy given in entHalpy to atmosphere gas EX) atm 7.4.13
Elgctrical energy loss . .
in plectroheating exergy loss inelectroheating EX)eh 7.4.14
o exergy consumed in auxiliary equipment EXaux 7.4.15
Enlergy consumed indirectly - - —
exergy consumed in generation of utilities EXy,gen 7.4.16
Enlergy to be used outside
of TP%EY exergy of recycled energy EXrcy 7.4.17
7.4 Calculation ofexergy
7.4.1 Exergydinput from electrical source (EX}e])
Thjs classification is for the amount of exergy required to apply specific heat by electroheating.
Exergy. input from electrical source is equivalent to energy input from electrical squrce. See
Foirhula (18):
EXpet =Ehel (18)
© IS0 2017 - All rights reserved 19
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7.4.2 Exergy of fuel (EXy, fuel)

7.4.2.1

Gaseous fuel

Calculate exergy of gaseous fuel by summing up exergy of each component using Formula (19):

o = (2 xiezyi + RTOZXI.lan.)fo (19)

EX h,fu

7.4.2.2 Liquid fuel

7.4.2.2.1

Calculate

formula specified in 7.4.2.2.3.

7.4.2.2.2
Calculate

EXh,fu

NOTE
7.4.2.2.3
Calculate

EX

NOTE

74.3 E>

Exergy of
See Formu

EX

rea

744 E>

h,fupl

General

exergy of liquid fuel using Rant’s approximation specified in 7.4.2.2.2 or using 'Nobusaw

Rant’s approximation

bxergy using Formula (20):
L, =0,975H, XV, (

H1, is used instead of Hj in this formula.

Nobusawa’s formula

bxergy using Formula (21):

h

| = H, (1,0038+0,1365—+O,03082+0,0104£
C C

xV
C f (

Formula (21) is used if h, o, s and ¢ arexknown. If not, use Formula (20).

fergy of exothermic reaction (EXreactexo)

la (22):

t,exo E react,exo (

rergy of sensible heat of fluid at the inlet (EXj fiyiq)

7.4.4.1

(a'S

exothermic reaction 'is' equivalent to heat of exothermic reaction defined in 5.4.1.4

General

Calculate exergy of sensible heat of fluid per tonne of product using Formula (23):

EX s, fluid — ZEX s, fluid i

(23)

where EXj, fluid i is the individual applicable exergy of sensible heat of fluid per tonne of product,
e.g. exergy of sensible heat of

— fuel (see 7.4.4.2),

— combustion air (see 7.4.4.2),

— infiltration air (see 7.4.4.2), and

20
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— atomization agent (see 7.4.4.3).

7.4.4.2 Exergy of sensible heat of fuel and air

Convert sensible heat of fuel or air to exergy using Formula (24) and Formula (25):

EX g = AH —ToAS (24)
Tﬂ

AS =mge_ oln—— (25)
Ty

7.4.4.3 Exergy of steam (atomization agent)

Convert sensible heat of steam (atomization agent) using Formula (24) and Formula‘\(26):

373,15 L T
AS =m c In 4+ +cC In—Y1 26
Vl{ pmw T 373,15  P™V 373,15} (26)

7.4.5 Exergy in energy required for drying and evaporation (EXprev)
This classification is for exergy in energy required for drying.and evaporation in the thermo processing.

Calculate exergy in given enthalpy to the product using Férmula (27):

TO
EXpr,eV = Epr,ev 1- T_ (27)
fc

7.4.6 Exergy required for endothermicreaction for heated material (EXprre)

This classification is for exergy in energy required for chemical reaction for heated matefial in the
thqrmo processing.

Calculate exergy in given enthalpy to the product using Formula (28):

TO

EXpr,re = Epr,re 1< T_ (28)
fc

7.4.7 Exergy/mgiven enthalpy to product (EXpren)

Thjs classification is for amount of exergy in the heat transferred to the product.

Calculate’exergy in given enthalpy to the product using Formula (29):

1

1——0J (29)

EX ren:E r,en
PT, Pr, T

fc
7.4.8 Exergy of exhaust gas (EXex oc, EXex,or, EXexir)

Convert sensible heat of exhaust gas to exergy using Formulae (30) and (31) or Formulae (32) and (33),
as appropriate:

EXex,oc = Eex,oc - TOAS (30)
EXex,or = Eex,or - TOAS (31)
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EXeX,ir = Eex,ir - TOAS (32)
where

AS = 1 Tex 33

—mexcpm'eXnT— ( )

7.4.9 Recovery exergy (EXp re)

Convert sensible heat of preheated item (e.g. product, fluid) to exergy using Formula (34}\ 9nd
Formula (B6):

EX horel = E hre ~ TO AS (B4)
Tph
AS = nphcpm’phln — (B5)

See also 74.4.2 for recovery exergy of sensible heat of fuel and air.

7.4.10 Exergy in required for heating jigs and other substance (EXY;)
Calculate g¢xergy in given enthalpy to jigs/carriage using Formula\(36):
To

EXl.j F El’j 1—T— (B6)
fc

7.4.11 Exergy in heat loss from furnace structure (EX ()

Calculate g¢xergy in heat loss from furnace structure using Formula (37):
Ty

EX\s FEg|1- T (37)
fc

7.4.12 Exergy in energy requived for heat storage of furnace structure (EXj s)

Calculate gxergy in energy-required for heat storage of furnace structure using Formula (38):

Ty
EX hs|= Eppns {0 — (8)
ch

7.4.13 Exérgy in given enthalpy to atmosphere gas (EX) atm)

Calculate exergy in energy required for heat storage of furnace structure using Formula (39):

TO
EXl,atm = El,atm 1- T_ (39)
fc

7.4.14 Exergy consumed in electroheating (EX] en)

Exergy consumed in electroheating is equivalent to the value of exergy of electrical loss in electroheating
defined in 5.4.8. See Formula (40):

EX)h = Elen (40)
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7.4.15 Exergy consumed in auxiliary equipment (EX,,x)

Exergy consumed in auxiliary equipment is equivalent to the value of energy consumption by auxiliary
equipment defined in 5.4.9. See Formula (41):

EXaux = Eaux (41)
7.4.16 Exergy consumed in generation of utilities (EXy gen)
Ex eneration
of ytilities defined in 5.4.10 when it is by electrical energy. See Formula (42):

EX =F (42)

u,gen u,gen

When energy consumed in generation of utilities is by fuel, apply the formulae specified in 74.2, while
fugl consumption per tonne of product (Vf) means fuel consumption in generation of utilities|per tonne
of product.

7.4.17 Exergy of recycled energy (EX;y)

Thjs classification is for exergy of recycled energy which is recovered from heat loss from TPE and to
us¢ outside of TPE. Conversion from recycled energy (Ercy)varies depending on the mode|of energy
transformation in recycling energy.

Calculate exergy of recycled energy when the form of recycled energy is steam using Formula (43) and

Formula (44):

EX =E o, —ToAS (43)

AS =m c 1 +c In 44
Vz{pm'w T 373715 P™V 37315 (+4)

37315 L T, }
0

7.5 Efficiency

N
[3:]

.3.1 General formula

11

1tmula (45) is the‘general formula for the calculation of specific exergy efficiency:

EXsp-out
Mex g (45)

sp-in

7.53.20 Examples of typical efficiencies

7.5.2.1 General

Examples of typical efficiencies are specified using the symbols defined in Table 3.
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7.5.2.2 Overall exergy efficiency in accordance with ISO 13579-1

Formula (46) is for the calculation of overall exergy efficiency according to ISO 13579-1 using Gibbs free
energy of fuel:

EXpr,eV + EXpr,re + EXpr,en (4-6)

nexl =
EX} o + EX, qo + EX +EX EX

react,exo sfluid = ““rcy

7.5.2.3 Heat exergy efficiency on the whole calorific value basis

Formula (#7) is for the calculation of heat efficiency on the whole calorific value basis using Gibbs ffee
energy of fuel:

EX + EX + EX

pr.ev pr,re pr.en
+ L7
Tex2 EX, , +EX, ¢ +EX +EX_ g4 T EX 17

react,exo s, flui

h,fue h,re
7.5.2.4 Ratio of exergy in available heat to the input exergy

Formula (48) is for the calculation of exergy in available heat:

EXava lable — (EXpr,ev + EXpr,re + EXpr,en ) + (EXl,j + EXl,fs + EXl,hs & EXl,atm + EXl,other) (8)
Formula (#19) is for the calculation of ratio of exergy in available hieat to the input exergy:
x 1 EX available
Tex T Ty #9)
h,fuel

8 Designation

8.1 Gerneral

Codes for the description block and the\international standard block are specified in Figure 2.

Designation
i = -

ldentity block
-4 -

Descriptida-block ® International standard number block Individual item block "
Efficency ISO 13579 A-B-C-D-E/F

a  “Effici¢ncy,’ is assigned as the description block.

b “ISO 135797 is assigned as the international standard number block.
c For individual item block, see 8.2.

Figure 2 — Structure of designation system
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8.2 Individual item block
Individual item block of efficiency of TPE according to ISO 13579 is formed as follows:
A-B-C-D-E/F

In this item block, the elements are defined as:

A symbol for the type of operation which is specified in 8.3;
B symbol for the energy source which is specified in 8.4;
C symbol for the boundary for the evaluation of energy efficiency of TPE which is

specified in 5.2;

D symbol for the energy type (EN: enthalpy or EX: exergy);
E symbol for the specific energy output;

F symbol for the specific energy input.

When a specific symbol is not necessarily assigned, an asterisk (*) is'used as its substitute.

8.3 Type of operation

The following symbols for each type of operation apply.

Symbol Type of operation

cgp direct heating continuous furnace
BAD direct heating batch-type furnace

D direct heating furnace

(0011 indirect heating continueus furnace
BAI indirect heating batchxtype furnace
I indirect heating furnace

NO[FE1 Batch-type furnace 'entails energy required for heat storage of furnace wall.

NO[FE 2  Energy loss bylatmosphere gas is considered in indirect heating operation, if applicable.

8.4 Energy source

The following'\codes for each energy source apply.

Symbol Energy source

E electricity only

F combustion only

M electricity and combustion

EC electricity only with fuel equivalent energy conversion

MC electricity and combustion with fuel equivalent energy conversion
8.5 Example

Examples for the designation of efficiency of TPE according to ISO 13579 are provided in Table 4.
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Table 4 — Examples for the designation of efficiency of TPE

Description Designation Relevant
clause

Overall efficiency in accordance Efficiency ISO 13579 D-MC-EB1-EN — 6.2.2
with ISO 13579 Epr/(En - Ercy) e
Heat efficiency on the whole Efficiency ISO 13579 D-M-EB2B-EN — 6.23
calorific value basis Epr/(En + Enre) —
Heat efficiency on the supplied Efficiency ISO 13579 D-M-EB2S-EN —

oo . 6.2.4
calorific value basis Epr/En
Available llneat ratio Efficiency ISO 13579 COD-F-EB2B-EN — 6.2,5

Eavailable/Eh,fuel
. . Efficiency ISO 13579 *-F-EB2B-EN —

Combustiqgn efficiency (En fuel-E1.u0)/En fuel 6.2.6
Effective waste heat recovery ratio Efficiency ISO 13579 COD-F-EB2-EN —
. : 6.2.7
in combustion furnace Enre/Eex,oc
Waste heaf recovery ratio as performance Efficiency ISO 13579 **-EB4A-EN —
C . 6.2.8
indicator gf heat recovery equipment Enre /Eexir

9 Meas

The measyirement method specified in ISO 13579-1:2013, Clause 8applies, as necessary.

jurement

10 Evaluation report

For the ev

The desig

hluation report of evaluation of TPE efficiency;1SO 13579-1:2013, Clause 10 applies.

nation specified in this document shall be-added if necessary.

26
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Annex A
(informative)

Example of energy efficiency evaluation

:2017(E)

A.t—Genreral

Thjs annex provides an example for making an energy balance table and its transformation
presentation of useful indexes of energy efficiency of two types of TPE.

A.2 Example of a continuous reheating furnace for steel

A.2.1 TPE overview

A hrief overview of TPE for the example efficiency evaluation is indicated in Table A.1.

Table A.1 — Brief overviewof TPE

for a good

Type

Continuous reheating furnace for steel

Nominal capacity

300 t/h

Type of burners

Burners with generalheat recovery equipment

Material of product

Carbon steel slab

A.2.2 Boundary

Figure A.1 shows the boundary of the.éfficiency evaluation.

© IS0 2017 - All rights reserved

27


https://standardsiso.com/api/?name=9b3180ced2b32a92e28edd187b451081

ISO 13579-11:2017(E)

Key

LN U1 R W N

[=x

3 . 7
i —> 8
_________________ <

/ \

I I

I L I

| k1, m,n

| .1, m,

A !

I c f ] | 7

[ " \

! ) 1

I

2 ~4 7 (\/
a,b _ILPEI_

I

I

i 77 S 72,

a— g BRSSO Bh

! i O A Q1

I

| % 7 7

\ Mmoo - S S /)

e
5 6

heating chamber f Recovery heat from exhaust gas) Eh reex-
burnet 8  Enthalpy of product at the tie of extraction from the boundary, £}2.
heat exchanger h  Sensible heat of oxidizéd substance, Ey ;.
produg¢t I Sensible heat of exhatst gas (at the outlet of heat recovery), Eex of-
boundpry EB2a (see Table 1) j Sensible heat of exhaust gas (at the outlet of combustion
boundpry EB3a (see Table 1) chamber), Eeggc:
Calorific value of fuel, En fyel- k- Wall loss; ] f5(1)
Sensibfle heat of fuel, Es fyel. I Heatlpss of radiation from furnace opening, El£s(2)-

Sensibfle heat of combustion air, Es ajr. M

Entha
Heato

Figure A

28

y of product at inlet, Ep1. n
f exothermic reaction, Ereact,exo:

Goeling water loss, E] f5(3).
Other energy losses, Ej other-

1 — Boundaries.of-efficiency evaluation for the example continuous reheating furngce

for steel
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A.2.3 Measurement data

Table A.2 shows measurement data.
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Table A.2 — Measurement data

Production rate 300 t/h
Loading temperature 20 °C
of the product
Extraction temperature 4 A o
of the product e A
Ambient temperature 20°C NY
Atmosphere pressure 101,2 kPa r\o‘.llv
Rellative humidity 60 % . ,'\ K
Type COG (coke oven gas) //\U)
CO; 2,38% 5
CoH> 2,42 % e N
02 0,1% O~
co 706%
Fupl Hp 57,39 %,
CHy 24,55%
N2 6%
Calorific value X A®7?23 M]/m3(n)
Flow rate \\\ 122 809 m3(n)/h
Supply temperat\lq}v 20°C
Atpmization agent AA\ None
Volume \L\V Air ratio, m = 1,15, is obtained by calculatign.
Combustion air Temperature 20 °C at the inlet of heat recovery equipment
Tembe)rature 750 °C at the inlet of burner
Oxygen enrichment \& None
Infiltration air }-‘ None
Atmosphere gas 0O < None
\‘0 Temperature 900 °C At the exit of furnace ¢hamber
Exhaust gas % . .
K Air ratio 1,15
?\ : Position Temperature Surface area
Q Side 110°C 612 m?
Furna/&@:r wall Top 120°C 820 m?2
% Bottom 120°C 612 m?
Front/Back 110 °C 186 m?

NOTE 2 Fume may be taken into account, if necessary.

NOTE 1 The data provided in this table are based on ISO 13579-2.
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Table A.2 (continued)

Supply temp. 35°C
) Discharge temp. 49 °C
Indirect
Volume 300 t/h
Supply pressure 0,5 MPa
Cooling water Supply temp. 35°C
) Discharge temp. 49 °C
Direct
Volume 70 t/h
Supply pressure 0,5 MPa
Supply piping 500 DN (diameter 0,5 m)
NOTE1 The data provided in this table are based on ISO 13579-2.
NOTE 2 Fume may be taken into account, if necessary.

A.2.4 Vgriations in energy balance table and various kind of efficiency

Table A.3 $hows examples of transformation of energy balance table to obtain {arious kind of efficiency
using datd provided in Table A.2.

Table A.3 — Example of transformation of thermal eriergy balance table
and various kind of efficiency

Measurements in MJ/t

Boundary
Type of energy, symbols 1 2 3 4 5
EB2aa | EB3ab | EB2ac | EB3ad | EB3pe
Thermal epergy Calorific value of fuel, Ep fyel 1310f 1310| 1310, 1310| 1310
input Sensible heat of fuel, Es fyel 2 2 2 2 2
Sensible heat of combustienair, Es air 9 9 9 9
Enthalpy of product atintet, Ep; 15 15
Heat of exothermicreaction, Ereact,exo 28 28 28 28
Sensible heat of infiltration air, Es infilt 0 0 0 0 0
Recovery héat from exhaust gas, En reex 210 210 210
Total 1364| 1574| 1349| 1559| 1531
NOTE 1 Spurce: ISO 13579¢2:2013, Annex B.
NOTE 2 heat content.of the skid cooling water/steam is used outside the system of an industrial furnace, that will|be

considered|by ISO 135791 (refer to Reference [3]).

a  Bound4ry of EB2a'which includes heating chamber and heat recovery equipment. Recovery heat does not appear in the
balance tablle. Values of enthalpy of product at the inlet (Ep1) and outlet (E}p2) are split to energy input and output.

b Bounddrv.ef EB3a which includes only heating chamber. Recovery heat is specified. Values of enthalpy of product at fhe
inlet (Ep1) and outlet (Ep2) are split to energy input and output.

¢ Boundary of EB2a which includes heating chamber and heat recovery equipment.
d  Boundary of EB3a which includes only heating chamber.

e Boundary of EB3a which includes only heating chamber. The value of heat of exothermic reaction is subtracted on both
input and output energy.

f  See6.2.4. Eprey=0, Eprre = 0.
8  See6.2.3. Eprev=0, Eprre = 0.
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Table A.3 (continued)

a

ba

b
inl

Boundary
Type of energy, symbols 1 2 3 4 5
EB2a2 | EB3ab | EB2ac | EB3ad | EB3ae
Thermal energy Enthalpy of product at the time of extraction 850 850
output from the boundary, Ep2
Enthalpy change in product, Epr,en = (Ep2 - Ep1) 835 835
Epr,en - Ereact,exo 807
Sensible heat of oxidized substance, El 7 7 7 7 7
Sensible heat of exhaust gas (at the outlet of 177 177
heat recovery), Eex,or
Sensible heat of exhaust gas (at the outlet of 562 562 562
the combustion chamber), Eex oc
Wall loss, E fs(1) 42 42 42 42 42
Heat loss of radiation from furnace opening, 8 8 8 8 8
El£s(2)
Cooling water loss, E fs(3) 102 102 102 102 102
Other energy loss, E| other 3 3 3 3 3
Total 1364 1574 1349| 1539 1531
Efficiencies Heat efficiency on the supplied calorific 0,619
value basis, n3 f
Heat efficiency on the whole calorifie 0,536
value basis, 112 8
(Epr,en - Ereact,exo) / [Eh,fuel + Es,fluid + Ehyre + 0,554
(Enel)]
NQTE 1 Source: ISO 13579-2:2013, Annex B.
NJTE 2  If heat content of the skid cooling wdter/steam is used outside the system of an industrial furnace, fhat will be
copsidered by ISO 13579-1 (refer to Reference3]).

Boundary of EB2a which includes heating chamber and heat recovery equipment. Recovery heat does not appear in the

ance table. Values of enthalpy of pfieduct at the inlet (Ep1) and outlet (Ep2) are split to energy input and outpyt.

Boundary of EB3a which inclidés only heating chamber. Recovery heat is specified. Values of enthalpy of prpduct at the
bt (Ep1) and outlet (Epz) are $plit to energy input and output.

Boundary of EB2a which.includes heating chamber and heat recovery equipment.

d | Boundary of EB3addiich includes only heating chamber.
e | Boundary of EB3a’which includes only heating chamber. The value of heat of exothermic reaction is subtradted on both
ingut and output.€nergy.
f | See 6.24NEprev =0, Eprre = 0.
8 | See 6.2:3. Eprev =0, Eprre = 0.
A.25—Fner gY balance-table-ofavailable heat

By transforming energy balance of Boundary 4 of Table A.3, create Table A.4 for evaluating available heat.
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Table A.4 — Energy balance table of available heat

Measurements in MJ/t

Type of energy, symbols
Calorific value of fuel, Ep fyel 1310
Therma-l Recovery heat from exhaust gas, Ep re 210
energy input d
Total 1520
Available heat, Eavailable 958
Thermal .
- Exhaust gas (at the outlet of combustion chamber), Eex o¢ 562
energy outpu J
Total 1520
Effective waste heat recovery ratio in combustion chamber, 7R @ 0,374
Ratio of waste heat of combustion exhaust gas to calorific value of fuel, 04b9
b )
Efficiencigs Nexh - -
Converted available heat ratio where waste heat recovery 0471
is not considered n*p ¢
Available heat ratio, n*d 0,731
a  Seeb6.2}7.
b See 6.2]9.
¢ See6.2]10.
d  Seeb6.2|5.
NOTE 1 Cglorific value of fuel (Ep fyel) can be estimated by calculating available heat (Eavailable) and available heat ratio (4*).
NOTE 2 Sge Formula (C.3) for the relation of n*, nr and n*o.
A.3 Exdmple of a cement Kkiln

A.3.1 TPE overview

A brief ov{

brview of TPE for the example efficiency evaluation is indicated in Table A.5.

TableA.5 — Brief overview of TPE

Type Suspension preheater kiln
Kilh Inner diameter: 52m
Length: 84 m
Effective volume 1784 m3
Sugpension heater Number of stage 4
A.3.2 Boundary
Figure A.Zstrowsttreboumdary of theefficiency evatuation:
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N U1 A W N

kiln

suspension preheater

precalciner vessel

cooler

boundary 1 (EB2b, TPE)

boundary 2 (EB3b, preheater, precalciner and
kiln)

boundary 3 (EB4, cooler)

Calorific value of fuel, Ep fuel.

Sensible heat of fuel, E fyel.

Sensible heat of combustion ait, Es air.
Heat of reaction (endothermic reaction of
raw material), Eppre

Sensible heat of pfoduct (raw materials)
atinlet, Ep1 p1):

Sensible heat'of cooling air to cooler.

Figure A.2 — Boundaries of efficiency evaluation for the cement kiln
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Enthalpy of product (clinker) at the outlet of
Epz (1)

Sensible heat of air discharged from cooler.
Sensible heat of exhaust gas derived from prd
(raw material), Eex,oc (1)-

Sensible heat of exhaust gas derived from
combustion of fuel, Eex oc (2)-

Sensible heat of discharged dust, Eex,oc (3)-
Sensible heat of preheated combustion air, E}
Sensible heat of product (clinker) at the outld
Other energy losses (radiations, etc.), E other
Sensible heat of product (clinker) at the inlet
Other energy losses from cooler, E} other (3)-

2017(E)

cooler,

duct

re-
t of kiln.
2)-

of cooler.

A.3.3 Measurement data

Table A.6 shows the measurement data.
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Table A.6 — Measurement data

Item Meas(;nrement Unit
ata
Clinker Production rate 202,6 t/h
SiO2 22,4 %
Al;03 5,5 %
Fep03 3,3 %
Ca0 66,0 %
MgO 1,2 %
Lime saturation ratio (LSD) 0,92 (\'\\
Temperature at the inlet of cooler 1350 P\o‘.l/\"”C
Temperature at the outlet of cooler 110 . ,'\ Y
Exhaust gds derived from dry raw |Rate of water vapour 24a //\U) m3(n)/t
materials Rate of carbon acid gas 27’}%‘0 m3(n)/t
Raw matetials Input rate ‘1«553& kg/tb
: N/
Moisture content \c_) 0,0 %
Temperature 6\ © 70 °C
Fuel Type: heavy oil {((
Gross calorific value . QV 43 535 k]/kg
Net calorific value Q\\\}\ 40 814 kJ/kg
Temperature - Q 110 °C
Consumption (kiln) \\\\ 32,6 kg/tb
Consumption [precal(\:@}) 48,7 kg/tb
Combustiqn air ) ume 35,2 m3(n)/t
Kiln \Ci‘ .
(non-preh¢ated) (| Temperature 20 C
97 |volume 52,6 m3(n)/t
Precalcm@
. Temperature 20 °C
Combustiqgn air Ki @ Volume 321a m3(n)/t
i
(preheatedl) ,® Temperature 891a °C
C; . ) Volume 501 m3(n)/t
% Precalciner S
A\ Temperature 700 C
Exhaust gds from kiln QJ Volume 452 m3(n)/t
?9~ Temperature 1150 °C
§ CO2 23,2 %
&?\ 02 2,0 %
% Co 0,0 %
N3 74,8 %
Air ratio 1,11 a
a  Calculated values.
b Per tonne of clinker output.
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Table A.6 (continued)
Item Meas(;lrement Unit
ata
Exhaust gas at the outlet Volume 1486 m3(n)/tb
of preheater Temperature 391 °C
COy 30,4 %
03 4,0 %
co 0,0 %
N> 65,0 %
Air ratio 1,30 a
Coling air Volume 2387 n3(n)/tb
Temperature 30 °C
Air discharged from the cooler Volume 1565 n3(n)/tb
Temperature 230 °C
Difcharged dust at the outlet Mass 0,13 t/tb
of the preheater/kiln Temperature 391 oC
a | Calculated values.
b | Per tonne of clinker output.

A.3.4 Variations in energy balance table and various kind of efficiency

ing data provided in Table A.6.

Table A.7 — Example\of thermal energy balance table

Taslzle A.7 shows examples of transformation of the energy balance table and various kind offefficiency
us

Measurem¢nts in MJ/t

Boundary
Type of energy, symbols 1 b 3¢

Thermal energy Calorific value of fuel, En fyel 3318 3318
input Sensible heat of fuel, Es fyel 14 14

SenSible heat of combustion air, Es air

Heat of combustion of raw materials, Ereact,exo

Sensible heat of product (raw materials) at the 65 65

inlet of preheater, Ep1 (1)

Sensible heat of non-preheated combustion air, Ej air 0

Sensible heat of product (clinker) at the 1437

inlet of cooler, Ep1 (2)

Sensible heat of air at the inlet of the cooler 16 16

Recovery heat from the cooler, Ey, re 857

Total 3413 4254 1453

a  Boundary 1: Boundary of EB2b (se
b Boundary 2: Boundary of EB3b (se
¢ Boundary 3: Boundary of EB4 (see
Epr = Epr re.
Epr = Eprre.

NOTE Source: JISZ 9202-1991, Annex 5.

e Figure A.2).
e Figure A.2).
Figure A.2).

f Waste heat recovery ratio: Ep re / Ep1(2).
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Table A.7 (continued)

Boundary
1a 2b 3c
Thermal energy Energy required for endothermic reaction of clinker 1809 1809
output (reaction, evaporation), Epr,re

Sensible heat of product (clinker) at the 71 71
outlet of cooler, Ep2 (1)

Sensible heat of product (clinker) at the 1437
outlet of kiln, Fp» (2)

Type of energy, symbols

Sensible heat of air discharged from the cooler 431 431

Sensible heat of exhaust gas derived from product 208 208
(raw materials), Eex,oc (1)

Sensible heat of exhaust gas derived from 631 631
combustion of fuel, Eex,oc (2)

Sensible heat of discharged dust 44 44

Recovery heat from the cooler, Ep re g57

Other energy losses (TPE), Elother (1) 219

Other energy losses (preheater, precalciner and kiln), 125
El other (2)
Other energy losses (cooler), Ej other (3) 94
Total 3413 4254 14pH3

Efficiencigs Heat efficiency on the supplied calorific value basis, n3 d 0,530

Heat efficiency on the whole calorific valuebasis, n € 0,425

Waste heat recovery ratio: Ep re/Ep1 (2) fl 0,596
NOTE Soyrce: JISZ 9202-1991, Annex 5.

a  Boundgry 1: Boundary of EB2b (see Figure A.2).
b Bounddry 2: Boundary of EB3b (see Figure A.2).
¢ Bound4ry 3: Boundary of EB4 (see Figure A.2),
d Epr=Eprre.

e Epr=Ejrre

f  Waste heat recovery ratio: Ey, re / Epi(2)-
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Comparison of enthalpy efficiency and exergy efficiency of

continuous reheating furnaces

B.l Summary of the calculation

This annex provides comparison of enthalpy efficiency and exergy efficiency using data of a dontinuous
reljeating furnace given in Table B.1 where three forms of heat recovery are considered [see also

Figure B.1 a), b) and ¢)].

Taple B.1 — Energy balance tables of reheating furnace for steel sorted by form of heatrecovery

Furnace summary:
Ca

S

—

db temp: 20 °C (loading)

Type: Walking beam (double line loading)

Temperature of furnace: 1 250 °C max.

acity: 130 t/h [usual operation base where the data of this table is eéasured (max. 200 t/h)]

Cake a) No heatrecovery is performed [see Figure B.1,3]]

Energy input item x103 K]/t Remarkst* |Energy output item x103 K]/t Remarks
Calorific value of fuel 1884,96 Sensible heat of 834,27
the product

. Sensible heat of approx.
Sepsible heat of fuel 3,77 exhaust gas 923,43 950 °C
Se 1sib1e heat of 33,91 Sensible heat of scale 15,07
at¢mization agent
Sepsible heat of 18,42| 20°C  |Cooling water loss 112,18
combustion air
Sepisible heat of 13,40| 20°C  |Furnace wall loss 126,42
the product
Hgat of exothermic 56,93 Other loss 0,00
reqiction (scale)
Tqtal 2 011,37 Total 2 011,37
© IS0 2017 - All rights reserved 37


https://standardsiso.com/api/?name=9b3180ced2b32a92e28edd187b451081

ISO 13579-11:2017(E)

Table B.1 (continued)

Caseb) Heatrecovery with recuperators [see Figure B.1 b)]

Energy input item x103 kJ/t Remarks |Energy outputitem x103 K]/t Remarks
Calorific value of fuel 150947 Sensible heat of 834,27
the product
. Sensible heat of approx.
Sensible heat of fuel 2,93 exhaust gas 724,60 900 °C
Sensible heat of 27,21 Sensible heat of scale 15,07
atomization agent
Sensible hgeat of approx. .
combustidn air 202,60 400 °C Cooling water loss 112,18
Sensible hgat of 13,40 Furnace wall loss 126,42
the produgt
Heat of expthermic 56,93 Other loss 0,00
reaction (4cale)
Total 1812,54 Total 1812,54
Case c) Re¢generative burner system [see Figure B.1 c) and the table footnote]
Energy input item x103 K]/t Remarks |Energy outputitem x103 K]/t Remarksg
Calorific vhlue of fuel 1 147,80 Sensible heat of 834,27
the product
Sensible heat of fuel 2,09 Sensible heat of 619,95
exhaust gas
Sen51_ble h pat of 20,93 Sensible-liéat of scale 15,07
atomizatiqn agent
Sensible hpat of 466,74 Capling water loss 112,18
combustign air
Sensible hgat of 13,40 Furnace wall loss 126,42
the produgt
Heat of exgthermic 56,93 Other loss 0,00
reaction (4cale)
Total 1707,89 Total 1707,89
NOTE Fof regenerative burner systems
— Prehedting temperature: 1 050%C;
— Tempdrature of exhaust gas-at the inlet: 1 200°C;
— Tempgrature of exhaustgas at the outlet: 300 °C;
— Tempgrature at thefurnace end (escape): 900 °C;
— Ratio ¢f escapingexhaust gas: 20 %.
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Exhaust gas
Do o
Exhaust gas ] @ 1

i Y |
Air | | I Air at | N
! ! 400°C |
LN | H o~ |
fuel = - l B !
| fuel > |
| '_| |
] 4 [ i I
|
| [ |
/'l | !
boundary R T 2 - )
boundary T T T T T T T T 4T F==~
a) Casea) No waste heatisrecovered b) Caseb) Waste heatis recovered
with recuperator.

. 4L .

Z11% !

fuel '

|

':1 B Air at1 050 °C (__VW\——® Exhaust gas

_Zl |
P ) Water at 127 °€ [VV\/\_ Water 4t 27 °C
boundary T _d__\_ “““ oy €] 300 K)

Boiler
Exhaust gas
c) Casec) Waste heatisrecovered d) Additional: Steam generatigon
with regenerative burner system using exhaust gas

Figure B.1 — Forms of heat recovery

Additionally, steam generation\using exhaust gas is considered for each form of heafj recovery
[sef Figure B.1 d)].

Talple B.2 provides symbols of efficiency that apply according to the combination of classes.
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Table B.2 — Symbols used for efficiency of each type

2?;;‘;:;:; Description Class 1 Class 2
n Specific enthalpy efficiency I .
Nex Specific exergy efficiency
n* Enthalpy based available heat ratio . b
Nex™ Exergy based available heat ratio
n Specific enthalpy efficiency . N
Nex’ Specific exergy efficiency
n* Enthalpy based available heat ratio I b
Nex™ Exergy based available heat ratio
NOTE1 Fpr Class 1, the following apply:
[ Case where heat recovery by generation of steam is NOT performed;
II Case where additional heat recovery by generation of steam is performed.
NOTE 2  Fpr Class 2, the following types of energy as specific energy output (Esp-out) apply:
a Enthalpy change in product (Epr,en);
b Availaljle heat as specified in 6.2.5 (Eavailable)-

B.2 Res

Tables B.3
these tabl

As shown
are n = 41
recovery.
relatively

However,
enthalpy ¢
of 30 % ¢

improvemlent of 6 %. The same observation can be applied to the relation of n* and n*'_ex. Therefd

although
that it doe

Secondly,
Casec): 1’
then Case
be observ

When Tah

ult of calculation

| and B.4 provide the result of calculation based on‘the data in Table B.5. Symbols used
s are referred to symbols given in the body texts of this document as much as possible.

,86 % and nex = 37,47 %, indicating the Jowest value compared to the other forms of h
n addition, the absolute value of these<énthalpy efficiency (1) and exergy efficiency (nex)
close to each other. The same pattern'ean be observed in available heat ratio (n* and nex*)

n the case of efficiencies including'steam generation, there is a significant difference betwz
pfficiency (1’) and exergy efficiency (nex’). Namely, the efficiency of n’ has an improvem
r larger by the inclusionof 'steam generation; whereas, the efficiency of nex’ has only

bignificant improvendént can be observed in terms of enthalpy-based efficiency, it is foy
s not give very large effect when the efficiency is evaluated based on exergy.

ralues of " aré.almost the same in three cases [Case a): " = 75,88 %, Case b): n’ = 75,64 % 3
= 74,99 %]Onthe other hand, the efficiency of nex’ gradually increases as it becomes Case
c) [Cased)yNex’ = 44,12 %, Case b): nex’ = 51,08 % and Case ¢): nex’ = 61,82 %]. Namely, it

bd thattheat recovery by preheating combustion air is very effective to the exergy efficieng

le“B.1 is observed, significant decrease in fuel energy consumption is found as the form

in

in Table B.4, in the case where no heat recovery is performed [Case a)], the values of efficiepcy

cat
nre

ben
bnt
an
re,
nd

nd
b),
an
Y.

of

heat recov

1 £ al Ny~ 1N . al 1) .~ 3y £ -L h] 1
CI'y UIdIIgES ITUHT LAdST d) LU LdST DJ, UICIT LdSTC D) LU Ld4dST L), TIICICIUIT, It CdIl DT LCUIILIU

ed

that evaluation based on exergy can indicate values which reflect more actual situation in energy
conservation measures because enthalpy efficiency is unable to express the decrease in fuel energy
consumption when waste heat recovery by generation of steam is included. Whereas, exergy efficiency
shows values that correspond to the changes of the fuel energy consumption regardless of the situation

whether h

40

eat recovery by steam generation is used or not.
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Table B.3 — Result of calculation (1/2)

Measurements in kJ /t

a) Nowasteheat | b) Heatrecovery c) Regenerative
recovery is with recuperators burner system
Input performed
Enthalpy | Exergy | Enthalpy | Exergy | Enthalpy | Exergy
Calorific value of fuel Eh fuel 1884,06| 1733,33| 1508,75| 1388,05 1147,25| 105547
Sensible heat of fuel Es fuel 3,77 0,12 2,93 0,10 2,09 0,07
Sepsible-heatofatomizingheat—Eormm 33,89 597 2720 479 26,92 3,69
Sepsible heat of combustion air |Ej air 18,41 0,60 202,51 72,64 466,52 266,41
Sensible heat of product Ep1 13,39 0,64 13,39 0,64 13,39 0,64
Hdat of exothermic reaction Ereact,exo 56,90 56,90 56,90 56,90 56,90 56,90
(sqale)
Tqtal 2010,41| 1797,56| 1811,67|1523,12| 1707,07| 1383,18
Output Enthalpy | Exergy | Enthalpy | Exergy | Enthalpy || Exergy
Sehsible heat of product Ep2 833,87 673,38 833,87( ) 673,38 833,87 673,38
Sensible heat of exhaust gas Eex 0c 922,99 742,99 724,25 583,00 619,65 498,80
Sepsible heat of scale Elj 15,06 12,12 15,06 12,12 15,06 12,12
Copling water loss E1fs(1) 112,13 90,26 112,13 90,26 112,13 90,26
Furnace wall loss Eis(2) 126,36 101,71 126,36 101,71 126,36 101,71
Other loss Elother 0,00 0,00 0,00 0,00 0,00 0,00
Tdtal 2010,41|.2620,47| 1811,67|1460,49| 1707,07| 1376,29
NOTE Calculations are based on data in Table B.5.
Table B.4 — Result of calculation (2/2)
a) No waste heat b) Heatrecovery c¢) Regeherative
Symbols recovery is with recuperators burnerfsystem
Items performed
Enthalpy | <Exergy | Enthalpy | Exergy | Enthalpy | Exergy |Enthalpy| Exergy
Input (kJ/t) Esp-in EXsp-in 1992,00 179696 1609,17| 1450,48| 1240,56( 1116,77
Oytput without
st¢am recycle Esplout EXsp-out 833,87 673,38 833,87 673,38 833,87 673,38
(k]/9)
Oytput without
st¢am recycle, Eavailable | EXavailable 1087,42 878,13 1087,42 878,13| 1087,42 878,13
avhilable (kj/t)
Oytput with
st¢am recycle E'sp-out | EX’sp-out 1511,58 792,78 121719 74091 930,31 690,37
(kl/8
Output with
steam recycle, E’available EX’avai]able 1 765,13 997,53 1 470,74 94’5,66 1 183,86 895,12
available (kJ/t)
?(%C‘flc efficiency n Nex 41,86 37,47 51,82 46,42 67,22| 60,30
Available heat
ratio n* Nex™ 54,59 48,87 67,58 60,54 87,66 78,63
(%)
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Table B.4 (continued)
a) No waste heat b) Heatrecovery c) Regenerative
Symbols recovery is with recuperators burner system
Items performed

Enthalpy | Exergy | Enthalpy | Exergy | Enthalpy | Exergy |Enthalpy| Exergy

Specific efficiency
incl. steam n’ Nex’ 75,88 44,12 75,64 51,08 74,99 61,82
generation (%)
Available heat
ratio incl. §Team n- Nex™ 60,01 00,01 91,40 65,20 995,45 BUJ15
generatior] (%)

NOTE C4lculations are based on data in Table B.5.

B.3 Detailed logics and assumptions for calculating exergy efficiency
B.3.1 Input of energy and exergy

B.3.1.1 Fuel

Enthalpy ¢f fuel is calculated using higher calorific value. The value can/be provided from the differefce
of formatipn energy between reactant and product material.

Calculatiops are performed under assumption that
— fuel i{ methane, and

— exergy is assumed as E'= 0,92 HH (higher calorificvalue) based on approximate formula of Rant

Therefore} Formula (B.1) is applied:

Ey thet X0,92 = EX, ¢ (8.1)

h,fi

NOTE This value can also be obtained from the Gibbs free energy formula, as specified in 7.5.2.2.
Formulae ffor the calculation of the enthalpy and exergy are specified in 5.4 and 7.4, respectively.
In addition, exergy loss by mixing of fuel and air is excluded in the calculation.

Pressure 4t the time of energy input (e.g. atmosphere pressure) is equivalent to the ambient atmosphgre
pressure.

B.3.1.2 Enthalpy'and exergy input other than fuel

Concerniqg the input items (Esp-in and EXsp-in) other than fuel, the following items are included:

— sensible heat of fuel;

— sensible heat of atomization agent;
— sensible heat of product;

— heat of exothermic reaction.

Sensible heat of combustion air is not included since it is considered that sensible heat of combustion air
is always provided via heat recovery from exhaust gas.

Formulae for the calculation of the enthalpy and exergy are specified in 5.4 and 7.3, respectively.
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B.3.2 Condition of items as output

B.3.2.1 General

Items as output are listed as the following (as explained in B.1):

a) recovered energy (and exergy) as steam generated from exhaust heat;
b) thermal energy (and exergy) which is received in product material;

c) _thermallosses (and exergy included in these losses) dissipated via furnace walls and cooling water.

The calculation methods for these items are explained in B.3.2.2 to B.3.2.4.

B.3.2.2 Recovery of enthalpy and exergy by generation of steam

B.3.2.2.1 Recovery of enthalpy
Refovered enthalpy by generation of steam is calculated using Formula.{B.2):

HV = nrcy,steamEex,oc (1 - nR ) (B-Z)

angl mass of generated steam is calculated as Formula (B.3);

H
m, = \ (B.3)
373,15-T, )+ L+c, ., (T,, —37315)

Comw ( pm,v (

where

= 0,75 is assumed here;
nrcy,steam

= 0,95 is assumed here:
nrcy

B.3.2.2.2 Recovered exergy

Refovery of exergy as steam is calculated using Formulae (B.4) and (B.5):

EX, = H, - T,AS (B.4)

373,15 L T,
AS =iy {c pmw + Comyl L} (B.5)

+ n
T, 373,15 P™V 373,15

B.: -2-3 Ellthdlpy dlld CTACI s_y 1 ULC;VUd by thc lJl Udubt llldtcl id}
For specific energy output per tonne of product, received enthalpy is calculated using Formula (B.6):

Esp-out = EpZ (B-6)

For specific exergy output per tonne of product, received of exergy is calculated using Formula (B.7):

T
EX g oue = By [1 - T—] (B.7)
fc

where ch =1 250 °C is assumed here.
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B.3.2.4 Enthalpy and exergy which include wall loss, cooling water loss, scale loss and
enthalpy/exergy received in product material

B.3.2.4.1 Received enthalpy
Received enthalpy is calculated using Formula (B.8):

Eavailable = Ep2 + El (B.8)
B.3.2.4.2 [ Received exergy
Received ¢nthalpy is calculated using Formula (B.9):
EX =F 1 T B.9
avaflable — ~available | ~ T_ (8.9)
fc
where T |=1250° Cis assumed here.
B.3.3 C3lculation of specific enthalpy efficiency and specific exergy efficiency
Formulae|(B.10), (B.11), (B.12) and (B.13) describe enthalpy efficiencyz
E| E
T’ = PP out = pz (BIO)
A sp-in Eh,fuel + Es,fuel + Es,atomize + EpZ + Ereact,exo
n* = Eavailable _ Ep2 + El (BJL1)
Esp—in Eh,fuel + Es,fuel + Es,atomize + Ep2 + Ereact,exo
) 'sp-out Ep2 + HV
n'= = (B.12)
Esp-in Eh,fuel + Es,fuel + Es,atomize + EpZ + Ereact,exo
n*'= 'available _ Ep2 TE A, (B.13)
Esp-in Eh,fuel T Es,fuel + Es,atomize + EpZ + Ereact,exo
Formulae|B.14), (B.15), (B.16)'and (B.17) describe exergy efficiency:
n. = EXsp-out _ EXpZ (B 14)
ex . )
EXsp-in EXh,fuel + EXs,fuel + EXs,atomize + EXpZ + EXreact,exo
n * 1 EXavailable — EXavailable (B 1 5)
ex '
EXsp-in EXh,fuel + EXs,fuel + EXs,atomize + EXpZ + EXreact,exo
'
- EX ' out _ EX ), +EX, 516
ex '
EXsp-in EXh,fuel + EXs,fuel + EXs,atomize + EXpZ + EXreact,exo
n * 1 EX 'available — EXavailable + EXV (B.17)
EXsp-in EXh,fuel + EXs,fuel + EXs,atomize + EXpZ + EXreact,exo
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Table B.5 — Summary of initial condition and property values of materials

a) No waste b) Heat c¢) Regenerative
Item Symbol heat recovery recovery with burner system
is performed recuperators
Temp. of product (extracted) |Tprod,ex (K) 1503,15 1503,15 1503,15
Temp. of product (loaded) Tprod,lo (K) 322,90 322,90 322,90
Ambient temp To (K) 293,15 293,15 293,15
Specific heat of product Cp,prod (KJ/kgK) 0,45 0,45 0,45
Tempoffurmace Frirnace (&) 1+523;15 1523;15 1593,15
Temp. of fuel (initial) Truel (K) 313,15 313,15 31B,15
SpEcific heat of fuel
(2]2 at methane) cp,fuel (KI/KkgK) 2,20 2,20 2}20
M3ss of fuel
(pgr kg of product) Miuel (kg) 0,09 0,07 0105
Temp. of combustion air Tair (K) 313,15 673,15 133,15
Spgcific heat of air Cp,air (kJ/kgK) 1,30 1,30 1130
Mgss of air (per kg of product) |mair (kg) 0,71 0,41 0}35
Efficiency of steam recycle Nrcy,steam 0,75 0,75 0,75
Temp. of vapour steam Tyap (K) 400,00 400,00 400,00
Spgcific heat of water, liquid | cp w1 (kJ/kgK) 4,19 4,19 419
Spgcific heat of water,
400 K vapour cpwv (KI/kgK) 4,26 4,26 426
Lafent heat of water L (k]/kg) 334,00 334,00 334,00
Hdat capacity of water,
29[7 K liquid to 400 K vapour Cwater (k]/kgK) 783,34 783,34 788,34
Mg3ss of vapour steam for at-
onpizing (per kg of product) myap (kg) 0,04 0,03 0103
Mg3ss of vapour steam for
regycle (per kg of product) Myap (k) 0,87 0,49 012
Efficiency of each
re¢ycling system (recuperator, | Jrcy 0,95 0,95 0[95
regenerator, etc.)
eqhalpy of steam recycle Hyap 677,71 383,31 96,44
ErJ‘tropy change of stearm ASvap 1,90 1,08 ol27
regycle
Exergy of steairrecycle EXvap 119,39 67,53 16,99
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Annex C
(informative)

Procedure for estimation of energy saving effect of combustion

furnaces

C1 GelLeral

Calorific v

E h,fuel,

NOTE

Energy in
entail loss

E hel 1

Therefore
addressin
suffice wh

C.2 Determination of boundary and making an energy balance table

[t is neces
saving eff

Make an e
— effect
— ratio

— conve

— availdble heat{atio, n* as defined in 6.2.5.

alue of fuel (En, fyel) consumed in combustion TPE is defined as Formula (C.1):
= Eavailable / n * ((

For definition of available heat and available heat ratio, see 6.2.5.

put from electrical source (Ep,el) is calculated using Formula (C:2}, considering it does
of exhaust gas [i.e. n* (available heat ratio) = 1]:
F E available (4

1)

ot

2)

it is necessary to analyse two factors (available heat and available heat ratio) when

b energy saving effect of combustion TPE. Whereas; only the analysis of available heat sho
en electrical heating equipment is evaluated.

sary to evaluate the energy balance table of heating chamber for the estimation of ene
bCt.

nergy balance table with boundary EB3a then calculate:
jve waste heat recovery'ratio in combustion furnace, nR, as defined in 6.2.7;
f waste heat of combustion exhaust gas to calorific value of fuel, nexn, as defined in 6.2.9;

rted availableheat ratio where waste heat recovery is not considered n*p, as defined in 6.2

11d

[8Y

=
©
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C.3 Estimation of energy saving effect

C.3.1 General formula

Relations of each index of efficiency are described as Formula (C.3):

n*=n*, +(1-n%,) 1y

Estimate energy saving ratio using Formula (C.4):

:2017(E)

(C.3)

Oes = (1 B Eh,fuelII/Eh,fuell ) X100

E__ . *
1— Eavallablell x n*l %100
n

availablel 11

When the available heat is constant, the energy saving ratio is described as Eermula (C.5):

C.3

In

Ues = (1_77 *1/'7 *11)

.2 Estimation of available heat ratio

the case where heat recovery is performed by preheating/of combustion air, available

cam be approximately calculated using temperature of cembustion air and exhaust gas, an

is
me

Th
ouf

Th
Foi

ralculated from analysis of exhaust gas using Formula (C.6), while not depending o
asurement.

n*= (Eh,fuel + Eh,re - Eex,oc )/Eh,fuel

e calorific value of fuel (Ep fuel), the recovery heat (En re) and the sensible heat of exhaust
let of combustion chamber (Eex,oc) ate calculated using Formulae (C.7), (C.8) and (C.9):

Epfuer = Hy XV
Eh,re :ervf
Eex,oc :HexXVf

e sensible heat of preheated combustion air per unit fuel consumption (Hy) is calculg

mula (G.10):

Hr =ta><Ca><m><A0

(C.4)

(C.5)

heat ratio
H air ratio
h detailed

(C.6)

gas at the

(C.7)

(C.8)

(C.9)

ted using

(C.10)

where the sensible heat of exhaust gas at the outlet of combustion chamber per unit fuel consumption
(Hex) is calculated using Formula (C.11):

H

EX:t

gout

xCy x| Gy +(m=1) 4, |
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C.3.3 Estimation by individual parameters

C.3.3.1 Effect of waste heat recovery

When available heat is constant and there is no change in fuel rate, air ratio and the temperature of
exhaust gas at the outlet of the furnace chamber, calculate the energy saving ratio according to change
in effective waste heat recovery ratio using Formula (C.12):

_ (nRII _nRI)X(l_TI *(\)) 100

=k /4 =k
o TR (271 o)

NOTE See 6.2.7 for the definition of effective waste heat recovery ration in combustion furnace.

(C.12)

es

C.3.3.2 Effect of improvement in air ratio

Energy saying ratio by improvement in air ratio is defined as Formula (C.13):

o = (1_nR)thout xC, X(ml _m”)XAO x 100 (C.13)
es Hl—(1_77R)thoutxch|:60+(m“_1)XAOj|

C.3.4 Example of estimation of energy saving ratio

C.3.4.1 General

In this exdmple

— amodel of continuous reheating furnace for steel given in A.2 is used,
— the bqundary is determined as EB2a specified in*Figure A.1, and

— the erlergy balance table and efficiencies gizen in Table A.4 is used as the baseline.

C.3.4.2 Improvement in waste heat recovery

(]

C.1.

See Table

Thble C.1 — Effect of improvement in waste heat recovery to energy saving ratio

C3.4.3

NR n* Qes Notes
No heat recovery:
0 0,570 Baseline
Reference condition
0,20 0,656 13,1 %
0,40 0,742 23,2 %
0,60 0,828 31527%
0,637 0,843 32,5%

Improvement in air ratio

Table C.2 shows estimated change in energy saving ratio when air ratio varies from 1,15 to 1,05 and 1,25.
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