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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.
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Introduction

This document provides a general and practical framework for evaluating energy savings of thermal
power plants, including steam power plants based on the Rankine cycle, gas turbine plants and
combined cycle systems. These power plants mainly comprise one or several thermal power generating
units (TPGUs) to produce electricity only or both electricity and heat (i.e. cogeneration facilities and
combined heat and power systems) by burning coal, oil products, natural gas and/or other fuels.

This document covers principles, procedures, evaluation indexes and calculation methods when
determining the potential of energy savings of an existing TPGU before (an) energy performance
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ISO 50045:2019(E)

Technical guidelines for the evaluation of energy savings of
thermal power plants

1

Scope

This document gives general technical guidelines for evaluating energy savings of thermal power plants
before—amd/or—after Tmplementing energy perfornrarce [IMprovemnent actionts) (EPIAS)
evalyation, unit component efficiency, indexes calculation, analyses and reporting.

This|document is applicable to existing thermal power generating units (TPGUs), where fos
coal,|oil, natural gas) are combusted to generate electricity only or to supply thermal enel
additional production of electricity (i.e. combined cycle power plants).

NOTH A typical thermal power plant encompasses at least one TPGU. If thére is more than oj
can rjin independently.

Resullts obtained in accordance with this document can be used €ither to evaluate the
energy savings or to determine fulfilment of contract guarantées. They do not providg
comparison of the energy savings between TPGUs.

This| document does not prescribe performance tests>or measurements for TPGU
components/systems, the sampling and analysis of the fuels used, substances added fo
emiskions (e.g. halide, limestone) and by-products (e:g: ash, gypsum), and instruments to b
but it does specify parameters of interest in the determination of energy savings. Applicable
can e found in relevant documents (published ofto be published).

2

Normative references

Therge are no normative references in this document.

Terms and definitions

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

ISO gnd IEC maintdin'terminological databases for use in standardization at the following ¢

3.1

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

IEC Electropedia: available at http://www.electropedia.org/

It includes

sil fuels (e.g.
'gy with the

e, the TPGUs

potential of
a basis for

equipment
r control of
e employed,
procedures

ddresses:

energy savings

AE

reduction of energy consumption compared to an energy baseline

Note 1 to entry: Energy savings can be actual (realized) or expected (predicted).

Note 2 to entry: Energy savings can be the result of implementation of an EPIA (3.4).

[SOURCE: ISO 17743:2016, 3.8, modified — “or autonomous progress” has been deleted from Note 2
to entry.]

© IS0 2019 - All rights reserved
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3.2
fossil fuel
organic mat

:2019(E)

erial, other than biomass, used as fuel

Note 1 to entry: In this document, the term fossil fuel primarily refers to coal, oil and natural gas used for
electricity generation (3.11) or both electricity generation and heating supply.

[SOURCE: IS

3.3
thermal po
TPGU
facility that

0 6707-3:2017, 3.5.8, modified — Note 1 to entry has been added.]

wer generating unit

consists of all the equipment necessary for the production of electricity or heat enexg

both, by combusting fossil fuels (3.2)

Note 1 to ent
of one or mo
which convel
and turbine g

Note 2 to enf]
fluctuates.

3.4

energy per
EPIA

action or md
to achieve
economic of

[SOURCE: IS

3.5
combined K
CHP
system that
building sp4

[SOURCE: I
industrial, b

3.6
steam gene

furnace, boi
fossil fuels (3

3.7

ry: In a typical fossil fuel-fired thermal power plant, for example, a TPGU would normally c
e boilers, where coal, oil or natural gas is burned to create steam, one or more turbine gener
t the steam's heat energy into electricity, and other plant equipment, which, Supports both |
enerators.

ry: A TPGU usually operates independently and can be brought onlinesor’taken offline as de

formance improvement action

asure (or group of actions or measures) implemented or planned within a project inte
energy performance improvement through technological, management, behavic
other changes

0 17741:2016, 3.8]

eat and power

uses waste heat associated with electricity production, to provide heat for indusg
ce or other uses such as hetwater and space heating for neighbouring buildings

b0 14452:2012, 2.16,~-modified — “associated with” has replaced “from” and “hed
uilding space or other-tises such as” has been added.]

rating unit
fler or heat recovery steam generator used to produce steam in the process of combu
p.2) or waste heat

'y, Or

nsist
htors,
boiler

mand

nded
ural,

trial,

t for

sting

gas turbin

generating unit

system combined with a gas turbine and all the essential equipment necessary for producing electricity

or/and both
3.8

electricity and useful heat

energy efficiency
effectiveness of converting chemical energy into electric energy or heat energy into electric energy, or

both

[SOURCE: ISO 10987:2012, 3.11, modified — “chemical energy” has replaced “energy” and “electric
energy or heat energy into electric energy, or both” has replaced “useful work”.]
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3.9

heating value

amount of heat released by the complete combustion in air of a specific quantity of fuel when the
reaction takes place at constant pressure

Note 1 to entry: The heating value may be expressed as higher heating value (also known as gross calorific value
or gross energy) or lower heating value (also known as net calorific value).

[SOURCE: ISO 2314:2009, 3.5, modified — “fuel” has replaced “gas or liquid fuel” and Note 1 to entry has
been replaced.]

3.10
fuel Equivalent

accopinting unit of the fuel heating value (3.9) that represents the energy released by burning a specified
amoynt of the fuel (e.g. coal, natural gas, oil)

Note [l to entry: Fuel equivalent is a reference unit for the evaluation of various energytypes.

3.11
electricity generation
process whereby electrical energy is obtained from some other form.of.energy

[SOURCE: IEC 601-01-06:1985, modified — The term has been changed from “generation of glectricity”.]

3.12
internal electricity consumption
amount of electricity consumed by a single TPGU (3.3) itself during the process of g¢neration of
electricity and/or heat over a given period (3.25)

3.13
electric energy supply

Q
amo:tnt of electricity exported by a single TPGU (3.3), which is transmitted and digtributed to

customers, typically through a power-gtid over a given period (3.25)

3.14
fuel pquivalent consumptionrate of electricity generation
amoynt of fuel equivalent (3.10) consumed by a single TPGU (3.3) for producing a unit of eleftricity

3.15
fuel pquivalent consiumption rate of electric energy supply
Fe
amouynt of fuel.equivalent (3.10) consumed by a single TPGU (3.3) for supplying a unit|quantity of
electricity to<€ustomers

3.16
heat|topower ratio
ratio-of thre-heatutttizedfor purposes{e-g—district heating, water desatimation)totheefectric energy

supply (3.13)

Note 1 to entry: This is different to “heat rate”, which is the ratio of fuel energy input to electricity output.

3.17

pipe efficiency

Tp

thermal efficiency of a continuous enclosed passageway for the transmission of steam generated from a
boiler to a steam turbine within a single TPGU (3.3), including steam chests, valves, etc.

3.18
reference value
set of parameters that can represent the status of a TPGU (3.3) in a certain operating mode

© IS0 2019 - All rights reserved 3
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measurement and verification

M&V

process of energy measurement to reliably determine data in relation to the performance of energy
savings (3.1) for defined system boundaries

[SOURCE: ISO/IEC 13273-1:2015, 3.3.5, modified — “the performance of energy savings” has replaced
“energy performance”.]

3.20

auxiliary eq

equipment g

Note 1 to ent
equipment, e
balance of pl:

3.21
conversion
Ce

ratio of two

[SOURCE: I§
deleted.]

3.22
energy sav
income resu

3.23

rated oper3
operating c
designed or

[SOURCE: I
replaced “a

3.24
rated operd
operation ul

3.25
period
time duratid

4 Symbg

uipment

y: Typical auxiliary equipment may include boiler cleaning equipment, fuel preparation andbu
ronomizers and air heaters, ash handling systems, turbine auxiliaries, turbine cycle equipmer]
int equipment.

factor

measurement units for quantities of the same kind

0 80000-1:2009, 3.24, modified — “between units” in the tefth and the examples have

ngs income
Iting from implementing an EPIA (3.4) over a defined period (3.25)

iting condition
bndition requiring fulfilment during measurement in order that equipment perforn
determined

0 4064-1:2014, 3.4.4, modified ~= “equipment performs as designed or determined
neter perform as designed”.]

ition
nder rated operatingcondition (3.23)

n wherepredicting or measuring results can be obtained

s, units and abbreviations

ystems

rning
tand

been

NS as

" has

For the purposes of this document, the following symbols, units and abbreviations apply.

The user should either adjust all units or adopt suitable conversion factors to ensure unit consistency.
For example, G] might be used for large plants, k] for small plants.

Ce
AE
Fe

Inc

conversion factor

energy savings kJ

fuel equivalent consumption rate of electric energy supply g/kWh

energy-saving income monetary unit

© ISO 2019 - All rights reserved
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Qo,b
Qib
Qb

Qeg,st

Qs,b

electric energy supply

energy at the output of a boiler boundary

energy at the input of a boiler boundary

energy losses at a boiler boundary

electric energy generated at a steam turbine boundary

energy entering into the steam turbine from the boiler

ISO 50045:2019(E)

kWh
K]
K]
K]
kJ, kWh
K]

@n
Qeg,g
Qf
Qeg,T
Qiec,']
Qees,

Wegt
WeTH
b
Nst
Ngt
ncee
p
EPIA|
CCPH
CHP

M&YV|

PGU

PGU

[PGU

GU

energy extracted for heating applications
electric energy generated by a gas turbine
heating energy of the fuel used

electricity generation of a TPGU

internal electricity consumption of a TPGU
electric energy supply of a TPGU

unit price of the fuel used

quantity of the equivalent fuels used by a gas turbine
quantity of the equivalent fuels used by.a TPGU
boiler efficiency

efficiency of the steam turbine

efficiency for a simple cyclé gas turbine unit
efficiency for a CCPP

pipe efficiency

energy performance improvement action
combined cycle power plant

combined heat and power

measurement and verification

k]

k], kWh
k]

kWh
kWh
kWh
monetary unit
kg
kg
%
%
%
%
%

TPGU

thermal power generating unit

5 Evaluation of energy savings

5.1 General

Energy savings evaluation in the TPGU before/after implementing an EPIA can be categorized as:

a) evaluation before implementation of an EPIA;

b) evaluation after implementation of an EPIA.

© IS0 2019 - All rights reserved
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In a), estimated energy savings can be determined by using historical data before the action, with
modelling as appropriate to reflect changes in equipment and operating conditions once the EPIA is
implemented.

In b), energy savings are determined by measurement and verification (M&V) using measured values
(before and after the actions) or with and without an action. When evaluating a thermal power plant,
the rated operation and plant conditions should be considered.

Energy savings by an EPIA(s) in a TPGU are calculated using Formulae (1) to (5).

Prior to implementation of an action:

AEyefork :Ep —Ey TVagj (1)

After implementation of an action:

AE gpier FEr —Epy +Vag; (2)

after

where

AE is the energy savings;

Ep s the energy consumption of the prediction period;
Ep  is the energy consumption of the baseline period;
Er is the energy consumption of the reporting period;

vadj is fhe adjusted quantity to align the conditions®f the prediction (reporting) period and
bageline period.

E, =Cy X Fep XE gyt (3)

Ep =Cg KFep XE ot (4)

E.=CiXF. XE (5)
where

Fep, Feb pnd Fer  are-the fuel equivalent consumption rate of electric energy supply for the
prediction period, baseline period and reporting period, respectively;

Eout is the output of electric energy;

Cr 1s the conversion factor.

5.2 Principles
The following principles should be followed.

— The appropriate measurement boundary for the EPIA should be determined, and interactive effects
should be taken into account.

— Therelevantvariables affecting energy performance should be identified for the equipmentinvolved
in the EPIA.

— The appropriate baseline measurement period should be determined to effectively represent energy
performance under expected operating conditions.

6 © IS0 2019 - All rights reserved
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The appropriate modelling approach (e.g. thermodynamic or statistical) should be determined to
account for changes in relevant variables for the baseline case.

The appropriate ex-ante modelling approach should be determined for the EPIA during the
reporting period.

The calculation of ex-ante savings should be informed, appropriate load forecasts and other
operating conditions for the EPIA determined, and historical loads, market demand cycles and
expected changes in market demand considered.

The appropriate measurement or modelling approach should be determined to quantify reporting
period performance under rh;\nging canditions

he baseline and/or reporting period modelling should be calibrated based on acttual measured
ata, where applicable.

ny static factors that may require non-routine adjustments to be made sheuld be detdrmined.

ppropriate indexes should be chosen and reference values should be determined using operating
r test data of the TPGU before an EPIA.

OTE Design data is used in case the test data is not available.

elevant curves or formulae should be obtained using statistical analyses, according tp the effects
f operating parameters on equipment efficiency and_6utput generation or fuel consumption of
he TPGU.

he selected indexes using operating or test data.after an EPIA should be determined fof comparing
ith the reference values.

ata comparison, calculation and analyses<should be conducted under the same unit load and
djusted conditions.

he reference values should be adjusted when the operating time and equipment conflitions have
een changed.

The cause of quantitative deviation should be determined between the reference values and the
perating data.

Evaluation indexes

evaluation system introduces the key indexes that can reflect the technical and|economical

performance of the-TPGU as a whole, including operating and test data, field operation reports, unit
perfgrmance test reports, unit reports for pre- and post-overhauls, regular or specialized reports for

analysing energy savings, etc.
Figufe~2 shows the mdex structure of evaluatlon of energy savmgs for the TPGU. Saving fuels and
electirici 3 avings can be

evaluated usmg the fuel equlvalent consumptlon rate The prlmary 1ndex can be subd1v1ded into the

seco
and
duri
by d

ndary indexes relevant to the boilers, steam/gas turbines, duct, the fuels used, electricity generation
the internal electricity consumption. Based on the indexes calculated from the operating data
ng a certain period and the reference values set, the evaluation of energy savings can be achieved
etermining the causes of the variation of the primary index. If the TPGU is used for supplying heat

energy with producing electricity (i.e. cogeneration and CHP), the heat to power ratio and other indexes
could be used.

© IS0 2019 - All rights reserved 7
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Fuel equivalent consumption rate of electric

Pri ind
rimary index(es) energy supply and/or heat to power ratio
1
v ¥ v
Secondary indexes Fuel equivalept_ consumpt.ion Electric energy Specific fu_el
rate of electricity generation supply consumption
| |
] —_—
»  Boiler efficiency (1,) N Electricity generation
(Qeg,TPGU)
Jertiary indexes Steam/gas turbine | Internal electricity,
efficiency (nst/ngt) " consumption (Qp.4pq,)
> Pipe efficiency (np)

6 Unit c¢

6.1 Boile|

6.1.1 Bou

Boilers are

Figure 2 — Index structure of evaluation of energy savings for a TPGU

pbmponent efficiency
I's

ndary

custom designed with a specific arrangement to supply steam by burning fossil fug

the steam tyrbine. Their boundaries-encompass the equipment relevant to the furnace, fuel/air su

flue gas cird
shown in Fij

6.1.2 Boi

The efficien
circulation,
additives (s

ulation, steam/watep-conversion and other miscellaneous equipment (e.g. pumps, fan
rure 3.

er energy balance

forced eirculation, subcritical and supercritical once-through boilers) and che
rbents) added for control of emissions. Accuracy is primarily dependent on:

cy of theleénergy conversion of boilers can vary with their steam cycle design (e.g. nantlural

Is to

pply,
5), as

ical

=L 1L 1 b 1 aY
— the typeottuer{e-g—coas, maturargasy;

— the steam cycle design;

— the boiler operating load condition;

— the efficiency calculation method selected;

— energy that should be taken into account for input, output and losses;

— the choice of the basis of the fuel heating value, whether higher or lower heating value;

— parameters to be measured, e.g. ambient temperature and humidity;

— estimated values to be used for unmeasured parameters.

© ISO 2019 - All rights reserved
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Key

q

1

O 0 N O U1 A W N -
Fant

[EnN
o
—_—

NOTH

e.g. the pulverisers/erushers for coals and the filers/heaters for burning oil/natural gas.

NOTH
crush

11

flurnace

econdary superheater

eheater
conomizer

ir preheater

ir quality control device(s)

tack
lrum

urners

primary superheater

10

IS
12
13
14
15
16
17
18
19
20

fossil fuel pretreater
circulating pumps
forced draft fans
induced draft fans
fossil fuels

main steam

hot reheat

cold reheat
feedwater

boiler boundary

i A 28

| 2 | |3

5 < I

| 5 §
E 1 6 7

1  The selectionof the fossil fuel pretreater (key 11) is dependent on the type of the fuel lheing burned,

2 Oikand gas fired boilers cannot have primary air, which generally flows into the furnace|(key 1), with
ed coals.through the burners (key 10) for coal-fired boilers.

NOTH

37) This figure only considers the input and output of heat energy within the boundary] without the

energy consumed by mechanical movement driven by electricity in auxiliary equipment (Keys 6, 11, 12 and 13).
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Figure 4 shows a schematic diagram for the energy balance of the boiler.

Fuel chemical energy

< ™
Entering air
Sensible heat in fuel Energy
< input
Auxiliary equipment power (Qmput)
Sensible heat in sorbents
_/
v
! : Main steam \
| : Desuperheater and circulating
! | pump injection water
| |
| : Feedwater
| |
| Boiler :
: T » Auxiliary steam Energy
. |boundary | output
|
i : (Qoutput)
| |
| |
! : » Hotreheat steamn
| |
| : Desuperheater water
| |
: ! Cold-reheat steam /
| |
L 1
Exhaust gas -
Unburned flammable gas
-
Unburned solids -
Equipment heat'dissipation - Energy
. : losses
Circulating pump seal leak-off
> (Qloss)
Cooling water and blow down -
Recycled streams -
Internal sunplied air heater coil
™ >
Pulverizer rejects - /

NOTE Source: ASME PTC 4-2013, modified.

Figure 4 — Energy balance for a boiler boundary
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Boiler efficiency calculations

There are two methods for determining the boiler efficiency. Accuracy, practicability and availability
should be taken into consideration to select a method.

a) Input-output method.

The input-output method, also known as the direct method, can be expressed as Formula (6) and used
when direct and accurate measurements of all the inputs and outputs of energy are available:

Y

b

wherte

b
NOTH

bounfary, desuperheating water and all secondary output streanis (e.g. boiler blow down and aux
presqure and temperature of all working fluid steam (e.g. entering feedwater, superheater outlet
steam),
b) IEnergy balance method.

The énergy balance method, also known as the'indirect method, can be expressed as Forn
used|when all losses of energy can be identified and measured (or estimated):

b=[1—Qﬂ}<100%

Y

where

b

&
=

Do,b is the energy, in k], at the output of a boiler boundary;

Dib is the energy, in k], at the input of a boiler boundary;

Q1p is the energy,iirk], losses at a boiler boundary;

Qip isthe energy, in k], at the input of a boiler boundary;

s 1.and 2 give a comparison between the input-output and energy balance methods.

=Q°—'b><100%

ib

is the boiler efficiency.

The primary measurements include the flue flow rates, the flow of feedwater enteri

and higher (lower) heating value of the fuel used as-wéll as reheat flows.

ib

is theboiler efficiency.

(6)

ng the boiler
liary steam),
hnd auxiliary

© IS0 2019 - All rights reserved
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Table 1 — Input-output method

Advantages

Disadvantages

Primary parameters from the efficiency definition
(input, output) are directly measured.

Requires fewer measurements.

Does not require estimation of unmeasurable losses.

Fuel flow and fuel heating value, steam flow rate and
steam properties need to be measured very accurately
to minimize uncertainty.

Does not aid in locating source of possible inefficiency.

Requires the use of energy balance calculation method
for correction of test results to standard or guarantee
conditions.

Corrections to standard or guarantee conditions.can
only be made using the energy balance method:;

NOTE Sour¢e: ASME PTC-4:2013.

Table 2 — Energy balance method

Advantages

Disadvantages

The primary
flue gas tem

Permits cori
guarantee c(

The as-teste
because the
only a small

The effects @
measuremel

measurements (flue gas analyses and
perature) can be made very accurately.

ections of test results to standard or
nditions.

[ efficiency often has lower uncertainty
measured quantities (losses) represent
fraction of the total energy.

f fairly substantial errors in secondary
ts and estimated values are minimal.

Sources of large losses are identified.

Requires more measurements:
Does not automatically yield capacity and output d3ta.

Some losses are practically unmeasurable and valug¢ has
to be estimated.

NOTE Sour

re: ASME PTC-4:2013.

6.1.4 Oth

cI's

There are many potential maintenance' and operational changes that can improve boiler syjstem

performanc
or improvern

Such improy
modelled or]
of the evalu

6.2 Stean

htion, see Reférences [21] and [22].

n turbine/generator efficiency

Figure 5 shq

e, such as online boiler tibecleaning, flue-gas waste heat recovery, optimization of crushers,
hents in feedwater pump and fan performance.

rements may not’beeasily quantifiable from overall boiler system performance, but may be
simulated usifiglengineering principles based on expected operating conditions. For d¢tails

Wws)a typical boundary for a steam turbine. For a typical TPGU, steam turbines are directly

coupled with an electric generator(s), and thus a mechanical rotation is created when the steam
produced in the boilers passes through the turbine and drives the generator(s) to produce the electricity.

12
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6

T I

| |

| |

| |

3 | 4
—'_’ 1

| |

| |

| |

| |

T

C
v

Key
1 dteam turbine 5 heatsink
2 dlectric generator 6  extracted steam used for heating appligation
3 1ain steam from a boiler 7  steam turbine generatOx train boundary
4  glectric power
NOTH This figure only considers the input and output of heat energy within the boundary}] without the

energy consumed by auxiliary equipment out of the boundary.
Figure 5 — Typical boundary for a'steam turbine

The thermodynamic efficiency, or first-law efficiency,efthe steam turbine can be calculated based on

Formulae (8) and (9).

For groducing electric energy only:

Q
Nt =—2L 100 % (8)
s,b

For dogeneration and CHP:

Qegst T
N =—22 1 2 100% 9)

s,b

wherte

Qeg st is the'electric energy generated at a steam turbine boundary, in k] (1 kWh = 3 60[0 kJ);

Qs . is'the energy entering into the steam turbine from the boiler, in kJ;

n~ is the energy extracted for heating applications, in KJ;

nst  is the efficiency of the steam turbine.
6.3 Gas turbine efficiency

6.3.1 General

TPGUs can be either simple cycle (see 6.3.2) or combined cycle (see 6.3.3), thus far. Simple cycle systems
consist only of successive compression, combustion and expansion. Combined cycle systems combine a
simple gas turbine cycle with a steam or other fluid Rankine cycle for heat recovery applications (e.g.
electricity generation, heat supply). Both systems can be evaluated by their thermodynamic efficiency
or first-law efficiency.

© IS0 2019 - All rights reserved 13
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6.3.2 Simple cycle gas turbine systems

Simple cycle gas turbine power units mainly consist of a gas turbine and an electric generator, as shown
in Figure 6. The thermodynamic efficiency can be calculated by the ratio of the usable power produced
to the fuel energy supplied per unit of time.

For a simple cycle gas turbine unit, the thermodynamic efficiency, or first-law efficiency, can be
calculated using Formula (10):

_ Qeg,gt

" x100 % (10)
f

where

Qeg,gt idthe electric energy generated by a gas turbine, in k] (1 kWh =3 600 kJ);
Qf  igthe heating energy of the fuel used, in kJ;

ngt  igthe efficiency for a simple cycle gas turbine unit.

Key

1 compressor 6  extracted air

2 combustpr 7  gas/liquid fuels

3 gas turbine 8 exhaustgas

4  electric generator 9 electric power

5 inletair 10 gas turbine train boundary

Fig

6.3.3 Combined cycle power plants

Combined cycle power plants (CCPPs) mainly consist of a gas turbine, a heat recovery system and a
steam turbine. Steam is created by the exhaust heat captured from the gas turbine in the heat recovery
system and is sent to the steam turbine for delivering additional electricity or supplying heat, as shown

in Figure 7.

14 © IS0 2019 - All rights reserved
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The thermodynamic efficiency, or first-law efficiency, for a CCPP can be calculated using Formula (11)
when all extracted by gas turbine is used to drive the steam turbines to generate electricity:

nCCPP :1_(1_ngt)(1_nst) (11)
where

ncepp is the efficiency for a CCPP;

Ngt is the efficiency for a gas turbine;

7|Ist is a measure of the efficiency of transforming gas turbine exhaust heat into megdhanical
shaft power, not isentropic turbine efficiency based on a steam flow.
17 18
1p
14
4 5 (11
16
6
10
1 3 10 |
k T 15
12 13
Key
1 dompressor 11 electric generator or heat supplying
2 ¢ombustor 12 inletair
3  das turbine 13 extracted air
4  heatrecovery boiler 14 gas/liquid fuel
5 dteam turbine 15 electric power
6  dondenser 16 exhaust gas
7  qondefisate pump 17 stack gas
8 deaerator 18 high/low pressure steam
9 feedwater pump 19 electric power or heating power

10 electric generator
NOTE 1 This figure only considers the boundary of the system, rather than its configuration.
NOTE 2  For CHP, heating energy (key 19) is used for heating supply.

NOTE 3  The electric energy required to drive the CCPP can be taken into the calculation.

Figure 7 — Process flow diagram for a typical combined cycle power plant
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7 Calculation of evaluation indexes

7.1 Fuel equivalent

When conducting an economic comparison, the fuels used should be converted to common units due to
the difference of the heat (calorific) values measured in fuels, e.g. the equivalent of coal used in China or
the equivalent of oil in Japan and Korea.

7.2 Fuel equivalent consumption rate

T bl 3 h watha calclotio £onn i lon et d wazatl +bhic Ao oo qnd
a e S 0 O LIIU CAICUIdUIVITIUIIIITUIAU doouUuLtIdilULUUu vviILITD U111 UUCTCUIIICUIIL,.

Table 3 — Calculation of evaluation indexes

Steam generating units Simple gas turbines CCPPs
Fuel equivalgnt
consumption rate 1 Wf,gt 1
of electricity My Nt N
generation b st p Qeg'gt Mcepp
where where where
nb is the boiler efficiency; | Wggt  is the quantity of the ncepp is the
equivalentfuels used by efficipn-
a gasturbine; cy fora
nst  is the efficiency of the Qeggt 1s the electric energy CCPP
steam turbine; generated by a gas
Mp is the pipe efficiency. turbine.
Electric enefgy supply

Qees, TPGU = eg, TPGU ~ iec, TPGY
where
QegTPGU  is the electricity generation of a TPGU;

QiecTPgu  is the intérnal electricity consumption of a TPGU.

Fuel equivalent

consumption rate Wee tpcu =K Wetpou k= Qv
of electric erjergy ' ’ Qfe
supply w
FE= fe,TPGU
Qges, TPGU
where

Werpgu  is the quantity of the equivalent fuels used by a TPGU;

k is a conversion factor;

Qfhhv is the higher heating value of the fuel used;
ra) ietlha b £ 1 £l o £ 1 3 1 £
l{l’e IS5 LIICT llCaLllls valutT Ul It 1ucIt C\.lbllvalclll,

WreTpcu  is the consumption of the fuel equivalent;

QeesTPGu  is the electric energy supply of a TPGU.

8 Analyses and performance evaluation

8.1 Procedure for evaluation

When conducting an evaluation of energy savings, a team led by the top management of a power plant
should be established, which has the responsibility and authority to:

a) develop an action plan for energy savings;

16 © IS0 2019 - All rights reserved
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sponsibility

lipment that

testing and

ering;

1e skills and
ould ensure
ces and the
of any cost-

re, skills and

to the plant

and market

y gains from

b) approve energy savings planning and measures;

c) guide the implementation of energy savings evaluation activities;

d) coordinate activities within different departments;

e) examine the progress of work regularly;

f) circulate a notice of checking the work;

g) examine and verify measures and planning of the energy savings proposed.

A gr

and quthority to:

— ¢onduct a thorough and comprehensive check for the generating units and auxiliary equ
it operates and manages;

— (gategorize, sort and analyse the data collected by means of checking, dnquiring, field
information consulting;

— investigate, assess and record indexes relevant to fuel, boilers, turbines, water and mef]

— (dlevelop a practical plan for retrofit projects.

Rigofous and comprehensive assessments require the invelvement of people who have t}

knowledge to identify and investigate energy efficiency improvements. Top management sh

that |the assessment team has sufficient in-house (or>eXternally supplemented) resour]

necegsary skills and influence both to undertake assessments and to ensure the uptake

effective opportunities.

The ¢rganization should ensure that the assessment involves people with specific knowledg

responsibilities in the following areas:

— Erofessional engineers with knowledge of design and operating principles relevant

eing assessed;

— ¢ngineers and techniciansAxem operations and maintenance functions;

— ¢nvironment/sustainability;

— ¢orporate, tradingand commercial areas with knowledge of electricity output demand
gtrategies;

— Ilanagers and operators with responsibility for production scheduling and control;

— lbusiness development and asset management/engineers.

NOTH Electricity output is a critical factor for determining energy savings because efficiend

OpPpOTITUTNITIES Can vary With Output (€.g. [or variable speed drives). In addition, most EPTAS will only

the plant load and capacity utilization are sufficient.

Figure 8 shows the procedure for the evaluation of energy savings of a TPGU.

© IS0 2019 - All rights reserved
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Determining the aim
and the objects

v

Selecting appropriate
content

v

Establishing a team

A4
A

y A
Collecting data and information | > Analysing the data and
and confirming evaluation basis information

Commenting and
suggesting

A
Developing an
evaluation plan

A

Implementingevaluation
activities

Reporting

Feedback

Figure 8 — Energy-savings evaluation flow chart

8.2 Evaluation of energy savings

8.2.1 Determination of energy savings income

When selecting an investment plan for saving energy of a TPGU, a financial quantitative (qualitative)
analysis, calculation and comparison, based on the energy savings results obtained, can be used to
a) establish the possible financial and social benefits for a pre-evaluation, and b) confirm income and

18 © IS0 2019 - All rights reserved
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