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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 commlttee International organizations, governmental and non-governmental, in

liaison with
Commission (IEC) on all matters of eIectrotechnlcaI standardlzat|on

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

otechnical

The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techpical committees are circulated to the member bodies for voting. Publication as an Infernational

Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dirawn to the possibility that some of the elements of this part of ISO3977 may be the subject of patent

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 3977-4 as prepared by Technical Committee ISO/TC 192, Gas turbires.

ISO 3977 consists of the following parts, under the general title Gas‘turbines — Procurement:

— Part 1: General introduction and definitions

— Part 2: Btandard reference conditions and ratings

— Part 3: Design requirements

— Part 4: Fuels and environment

— Part 5: Applications for petroleum and-natural gas industries
— Part 6: Combined cycles

— Part 7: Technical information

— Part 8: lhspection, testing, installation and commissioning

— Part 9: Reliability, availability, maintainability and safety

Annex A of thispart of ISO 3977 is for information only.

© ISO 2002 - All rights reserved
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Introduction

This part of ISO 3977 was developed in order to establish conformity with regard to the use of gas turbine power
plants. Gas turbines are being manufactured and installed at ever increasing rates. Also, there is worldwide
concern over environmental related issues on both a regional and global scale. This part of ISO 3977 addresses
the issues related to fuels used to operate such plants, and the emissions which are produced as a result gas
turbine operatior—-details—the—requirements—which—allparties-should-determine—in—advance-te—-ensure successful

installatiop which minimizes delays, maximizes operability, and has minimal impact on the environmén,.
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Gas turbines — Procurement —

Part 4:

Fuels

and environment

1 Sco
This part
of the en
should be
necessary

pe

bf ISO 3977 provides guidelines for procurement of gas turbines with consideration of the fug
vironmental performance. Guidance is given to both the packager and purchaser on wha
provided with regard to the fuel used by a gas turbine, and with regard to the type of
to quantify the expected environmental impact. Fuel specifications are referenced but not pr

2 Nor

The following normative documents contain provisions which, thréugh reference in this text, constitute
this part gf ISO 3977. For dated references, subsequent amendments to, or revisions of, any of these
do not apply. However, parties to agreements based on this part of ISO 3977 are encouraged to in

possibilit

referenceg, the latest edition of the normative document'referred to applies. Members of ISO and |

registers
ISO 3977
ISO 3977

ISO 4261
marine af

ISO 6190
environmg

ISO 1049
Engineeri

ISO 1104

ative references

of applying the most recent editions of thetvnormative documents indicated below.
f currently valid International Standards.

1:1997, Gas turbines — Procurement=- Part 1: General introduction and definitions
3:2002, Gas turbines — Procurement — Part 3: Design requirements

1993, Petroleum products\— Fuels (class F) — Specifications of gas turbine fuels for in
plications

1988, Acoustics =~ Measurement of sound pressure levels of gas turbine installations fd
bntal noise — Survey method

1:1993, Gas- turbines and gas turbine sets — Measurement of emitted airborn
ng/surveymethod

P-1:1996, Gas turbines — Exhaust gas emission — Part 1: Measurement and evaluation

| quality and
information
information

bvided.

brovisions of
publications
estigate the
For undated
EC maintain

dustrial and

r evaluating

D

7

noise

ISO 11042-2:1996, Gas turbines — Exhaust gas emission — Part 2: Automated emission monitoring

ISO 11086: 1996, Gas turbines — Vocabulary
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3 Terms and definitions

For the purposes of this part of ISO 3977, the terms and definitions given in ISO 3977-1, ISO 3977-3, ISO 11086
and the following apply.

3.1
density
Yo
_ Pret
R Tret

where the re

3.2
integrated ¢
IGCC
process whe
turbine

3.3
fuel-bound
FBN

nitrogen component within the fuel which contributes to NO, formation

NOTE T
3.4

net specific
NSE
heating valu

NOTE 1 It

ference temperature is typically selected as 15 °C and the reference pressure is 101,325 KR4

asification combined cycle

re a low quality fuel is gasified to produce a high quality fuel that meets the fuel) specifications

hitrogen

nis does not include nitrogen as gaseous No.

energy
b determined with the combustion generated water in the vapour phase

is also known as the lower heating value..See also ISO 2314, ISO 4261 and ISO 6976.

3.5
relative de

s
specific gr%/
(gaseous fugls) ratio of the density of the fuel gas to the density of air

ity
ity

e

-
br gases,. temperature and pressures for both gases need to be specified.

Dr liguid fuels, it is the density of the liquid fuel relative to water. The temperature of both fluids should b

for a gas

e specified.

d = Pl
Pa
NOTE 1 F
NOTE2 F
3.6

gross specific energy

GSE

heating value determined with the combustion generated water condensed, thus including the heat of vaporization.

NOTE It

3.7

is also known as the higher heating value.

sound power level

Ly

ten times the logarithm to the base 10 of the ratio of a given sound power to the reference sound power
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NOTE 1
NOTE 2
NOTE 3

3.8

ISO 3977-4:2002(E)

The reference sound power is 1 pW (= 10-12 W).
Sound power level is expressed in decibels.
Based on ISO 10494.

sound pressure level

Ly

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure to the square of the

reference

NOTE 1
NOTE 2
NOTE 3
3.9
selective

SCR
post-com

3.10

sound pressure

~The Teference soundpressure s 20 pPat—2 < 10—5Pa):
Sound pressure level is expressed in decibels.

Based on ISO 10494.

catalytic reduction

pustion catalyst system for reduction of NO . emissions

volatile ofganic compounds

VvOC
hydrocarh

NOTE

3.1
Wobbe in
Wi

ons such as propane and butane, which can interact with NO_ to form ground level ozone

VOCs are sometimes measured and reported as unburnedydrocarbons (UHC).

dex

heating value of the fuel divided by the square root of the specific gravity (relative to air)

WI 5

NOTE

density is determined for the both the)fuel and air should be specified. See annex A for examples of calculations

index.

3.12
normal ¢

m3 (norm
cubic met

NOTE

NSE

Nz

Because the specific gravity of a gas is dependent upon both temperature and pressure, the conditi

ibic metre
alized)
Fe of gas; usually dry, referenced to 1 atmosphere (101,325 kPa) and 0 °C

Adthough the unit Nm? is used in industry, this should not be used in International Standards.

bns where the
of the Wobbe

4 Symbols (and abbreviated terms)

The following terms and symbols are used in this part of ISO 3977.

P

p
T

CEM
PEM

© 1S0O 2002

density of fluid or gas

pressure, in kPa

temperature, in K or °C
continuous emissions monitoring

predictive emissions monitoring
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5 Purchasers' and packagers' requirements for fuels

5.1 General

Proper use and operation of a gas turbine requires that accurate information on fuel types and fuel requirements be
obtained. Both the purchaser and the packager play critical roles in this process.

If there are no International Standards available, national standards as shown in annex C of ISO 3977-3:2002 may
be used as guidelines with the mutual agreement of the purchaser and packager.

rest.

utline, the

purchaser shall be knowledgeable about the following:

a) site ampient conditions (i.e. temperature, pressure, relative humidity, and mean, and extreme conditions of
these variables and altitude);

b) expected fuel classification for the project (i.e. raw natural gas, pipeline hatural gas, coke oven ggs, landfill
gas, IGCC medium and low energy gases, refinery gases, etc.);

c) performpnce/load range of the gas turbine (i.e. hours of operation, time at specific load, use|of power
augmertation, etc.);

d) applicable local or regional regulatory authority requirements:

The purchader shall be able to report detailed fuel properties and contaminant levels, including limits of|variability
(chemical and physical characterization), to the packager for review.

5.3 Packager's obligations

The packager shall define the fuel types and ranges of fuel qualities acceptable for the gas turbine application.
These may ihclude liquid and gaseous fuels; fuel emulsions may also be considered.

Note that thg packager may specify a unique reference temperature (0 °C or 15 °C, for example).
5.4 Gasepus fuels

5.41 Gengral

This subclayse appties to all fuels that are in the gaseous state at the gas turbine interface. In certain ¢ases, the
fuel as deliv >red to the site may not be in the gaseous state. If mult|ple fuels are available, or required over the gas
turbine opere v sted to be
used on a specrﬂc prOJect the purchaser shaII provrde the range of expected propertres for each of the
requirements listed in 5.4.2. It shall be the responsibility of the purchaser to control the chemical and physical
properties, and the contaminant levels, for the fuel gas supplied, to be within the previously agreed upon limits at all
times, and to protect the gas turbine from being fueled at any time with fuel not within the agreed upon limits.

5.4.2 Chemical properties

Fuel specifications shall comply with relevant national standards. The packager shall identify general fuel
properties appropriate for the purchaser’s application. The information required shall include normal chemical
characteristics, and normal safety and handling properties. The purchaser shall provide the packager with the
following information:

4 © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=baeaf96fcf40a882838eb9a4487d82e8

ISO 3977-4:2002(E)

a) the full chemical composition of the proposed fuel gas(es);

b) specific energy (net and gross, both volumetric and mass basis); this may be determined analytically, or

calcu

lated from the chemical analysis;

c) Wobbe index at fuel supply temperature and pressure and the range of Wobbe index expected for fuel
variations;

d) the presence of contaminants/components such as dust, rust, tar, naphthalenes, waxes or water, that may
cause potential coking or fouling problems;

comb
f) the
Specific

emissions
comment

ustors;

inimum temperature necessary to prevent condensation at the fuel injection pressures.

fluel components (or fuel additives) that may be corrosive or induce air-€missions, in

, shall be identified by the purchaser and reported to the packager for comment. The p3g
on the general acceptability of this fuel. The packager shall review the fael property data, a

Mtpremix type

luding toxic
ckager shall
nd comment

on its appropriateness for the proposed gas turbine application. The packaget’s,analysis shall be the basis for

comment

5.4.3 PH

5 to the purchaser. The purchaser shall provide site emission constrdints for each fuel.

ysical properties

For gasegqus fuels, the packager shall provide technical data on pressure and temperature requirements for all

fuels and
purchasel

a) supp

b) dew
press

fuel system components. These requirements shall include a review of the complete fuel an
’s application. Information furnished by the packagershall include:

y pressure and temperature requirements (uppefand lower limits);

boint at given pressure and minimum temperature necessary to prevent condensation at
ures;

c) minimum pressure requirements to startthe gas turbine;

d) minimum pressure requirementscto run the gas turbine;

e) thets
f) filtrat
g) allow

h) implig
temp

mperature range pernissible for continuous operation;
on and liquids separation requirements;
Bble condenséd liquids within the fuel supply to the gas turbine;

ations“on gas fuel supply pressure from full speed no load to full load across the entire
bratdre range;

plysis for the

uel injection

air ambient

i) desig

n VWobbe index range ot the fuel 1or the gas turbine;

j)  allowable gas fuel pressure variations (both short and long term).

In addition, the packager shall report on the compatibility of the fuel with specific combustion equipment, such as
lean premix combustors, or other means of emissions suppression, such as water or steam injection.

5.4.4 Fuel treatment

To comply with packager and I1SO 4261 fuel requirements, fuel treatment may be required. Based upon the
physical and chemical properties of the fuel, the purchaser is responsible for providing fuel gas conditioned to the
required specifications.

© 1S0O 2002
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5.4.5 Emissions

Fuel properties will impact combustion generated pollutants. The packager is responsible for identifying the
exhaust emissions for particular fuel types. The purchaser shall provide detailed fuel analyses (or fuel samples) to
make an accurate emission projection. Properties of interest include:

a) chemical analysis (carbon, hydrogen, oxygen, nitrogen, sulfur, chlorine);
b) gas compositional analysis (reporting to concentrations that are below detection limits using gas
chromatography);
c) specificenergy (netand gross);
d) the predence of reactive gases such as alkynes (e.g. acetylene).
gll t%stsdof uel properties shall correspond to standardized procedures such as those specified in Infernational
tandards.

The purchag

er shall provide site emissions constraints for each proposed fuel.

5.4.6 Star{up and shutdown

In some cas
packager sh
its minimum

5.4.7 Safe

5471 N
Fuel gases

handling prg
acetylene) V
presence of
comment, W
supply, the

all specify the amount and quality of the startup and shutdown fuel (liquid or gas) required,
pressure and temperature requirements.

ty and handling aspects

pn-traditional fuels

can come from non-traditional sources. Unusual fuel compositions can present specific s
blems. Some hazards are associated,with combustion properties of the fuel (such as hy
Vhile other hazards are associated ywith the toxicity. The purchaser shall alert the packa
unusual components in the fuel.. The packager shall review all the fuel components of co
here appropriate, on safety ‘and handling aspects. For equipment beyond the packager’s
purchaser is responsible te'\inform vendors of potential safety issues. A brief list of non-trad

sources incllides:

a) refinery
b) coke ov
c) raw nat
d) syngas

e)

f)

gases that may behigh in hydrogen;
en gases thatmay be high in carbon monoxide;
Iral gasés\that may have high hydrogen sulfide levels;

or synthetic gas ) derived from a low quality fuel gasification process, such as an IGCC;

bs, the base fuel may not be available or acceptable for gas tutbine ignition, startup and shutdown. The

Bs well as

afety and
drogen or
per to the
hcern and
scope of
tional fuel

landfill and digester gas;

fuel gases that are heavier than air, and hence may collect or pool in recessed areas.

Examples of key fuel hazards are described in 5.4.7.2 and 5.4.7.3.

5472 H

ydrogen content

Due to its wide flammability limits and low density, the presence and concentration of hydrogen in the fuel shall be
carefully evaluated. Appropriate ventilation, gas detection and explosion proofing shall be provided by the
packager. (This is applicable to the gas turbine enclosure and fuel gas compartment enclosures only.)

© IS0 2002 - All rig

hts reserved
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5.4.7.3 Explosion proofing/leak detection

In addition to the emphasis on hydrogen, all gaseous fuels shall be properly considered in the design of the fuel
system and its surroundings. Fuels heavier than air shall not be allowed to collect in low points where ignition might
occur. Applicable codes and standards for hazardous classification and equipment design shall be mutually agreed
upon between the purchaser and packager. The purchaser shall inform the packager of any local regulation on the
subject. The packager shall define the locations of vents or purge lines to which the purchaser's connections are

required.

5.5

Liquid fuels

5.5.1

This subc
available
expected
control ch

GJeneraI

ause applies to all fuels which are in a liquid state at the gas turbine enclosure limits! £ mult
or required over the gas turbine operating envelope, the purchaser/operator shall provide
properties for each grade of fuel considered. It shall be the responsibility of the purchase
emical and physical properties, and the contaminant levels for the specified fuels, to with

ple fuels are
the range of
r/operator to
n previously

agreed limiting values at all times, and to protect the gas turbine from receiving fuel not-within the agregd limits.

The purc
propertieg

The pack
grades a
combustiq

5.5.2 Chemical properties

Fuel spe
general fU
propertieq

A compre
ISO 4261
purchasel

Combusti

The purc
combustid

naser (or subsequent owner of the equipment) shall inform the packager of any change
or fuel quality which allow the fuel to fall outside of the initial requirements.

bger shall provide general fuel requirements for the operation /of the gas turbine, including
ccording to ISO 4261. The packager shall also provide, information on the compatibility

ifications shall comply with 1SO 4261 or eqtivalent national standards. The packager s
el properties appropriate for the purchasers application. These include physical properties
, aromatic contents, safety and handling properties and trace components.

hensive fuel analysis shall be submitted to the packager describing all critical fuel properti
. Where the proposed liquid fuels being considered are not of Class A1 or A2 distillate
shall provide the packager with*a sample of approximately 4 litres for evaluation.

bn-generated emissions_depend upon liquid fuel properties and quality.

haser shall assume-responsibility for providing information on specific fuel properties
n-generated emissions. These include:

5 in the fuel

) acceptable
of specific

n equipment designs, such as pre-mixed combustors with\specific grades (or properties) of fuels.

shall identify
combustion

s (see also
quality, the

relevant to

a) fuel-gound nitrogen (FBN);

b) fuel qulfur;

c) asphaliene content (heavy ails);

d) aromatic content;

e) carbon residue (heavy oils);

f)  carbon/hydrogen ratio;

g) net specific energy (NSE) and gross specific energy (GSE).

The fuel properties outlined in the agreement between the packager and purchaser determines some of the
equipment selection and operating conditions of the gas turbine system. If at a later date the purchaser desires to

© ISO 2002 - All rights reserved


https://standardsiso.com/api/?name=baeaf96fcf40a882838eb9a4487d82e8

ISO 3977-4:2002(E)

use a fuel outside the original agreed-upon limits, the purchaser shall inform the packager accordingly, and shall
supply a complete analysis or sample for evaluation and requalification in the same manner as outlined above.

5.5.3 Physical properties

The packager shall identify general fuel handling and processing requirements for the gas turbine. These shall
include, as a minimum, the following:

a) fuel viscosity (at two temperatures);

b) vapour pressure;

c) sedimenLts;
d) ash;
e) water;
f)  additivep (either present or required) and the concentration or addition rate;
g) flash pojnt;

h) boiling point;

i) end point;
j)  cold filtgr plugging point (ISO 4261);
k) density.

The packaggr shall identify general fuel handling and-processing requirements for the gas turbine. These shall
include, as 4 minimum, the following:

a) general|property requirements for acceptable fuel grades;

b) viscosity requirements (both start-up ‘and normal operations);

c) fuel hegting or insulation requirements;

d) removalor control of cortoSive agents;

e) allowable additives for-control of combustion and corrosion problems.

In addition, the packager shall report on the compatibility of the fuel with specific combustion equipment, such as
lean premix combustors, or post-combustion equipment such as a duct burner or SCR.

5.5.4 Fuel treatment

5.5.4.1 General

Fuel treatment consists of those operations which modify the condition of the fuel in the storage tank to meet
specific requirements at the gas turbine. The objective is to bring the fuel to conditions required by the packager.
This can include fuel washing, settling, or inclusion of additives to neutralize undesirable agents which cannot be
removed from the fuel.

The packager shall define the maximum permissible levels of all relevant components from all sources (i.e. fuel, air,

wash liquids, water, steam, etc.). Some liquid fuels may contain agents corrosive to the gas turbine hot gas path
components: sodium (Na), potassium (K), vanadium (V), lead (Pb), etc. The purchaser is responsible for qualitative

8 © 1SO 2002 — Al rights reserved
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and quantitative fuel monitoring to assure compliance with the packager specification. Also, the packager may
make recommendations on the methods used to quantify the presence of these components.

Ash-forming liquid fuels may require fuel treatment (e.g. extraction of alkaline metals or the inhibition of the fuel
bound vanadium). Ash-forming fuels are often characterized by their density or source of feedstock. These fuels
include: heavy oil, residual oil, crude oil. Specifying the requirements for fuel treatment and fuel supply based on
fuel quality is the responsibility of the packager; ensuring that the agreed limits are not exceeded remains the
responsibility of the purchaser.

5.5.4.2 Washing

For fuels that may require washing, the packager shall comment on the washing requirements after corsidering the
fuel qualify and the application. Fuel oil washing is accomplished by continuous addition of deminefjalized water
and a demulsifying detergent to the fuel oil. The water is then separated from the oil by centrifugal or|electrostatic
forces. Although water and oil are immiscible liquids, the density difference between heavy oikand salty water must
not lie below the limitation given by the treatment plant supplier to ensure the complete -Separation gf water from
the fuel olil.

5.5.4.3 |Inhibition
If heavy fuels containing vanadium are specified by the purchaser, the packager shall give requirements for
additives for vanadium inhibition. The packager’s fuel specification shall include allowable and recommended fuel

grades. Also, the packager shall give the maximum permissible turbiné.entry temperature based on the presence
of fuel coptaminants or fuel additives.

5.5.5 Enmissions
Fuel properties will impact combustion generated pollutants. The packager is responsible for identifying the
exhaust egmissions for particular fuel types. The purchdser shall provide detailed fuel analyses (or fuel samples) to
make an @ccurate emission projection. Properties of interest include those referenced in 5.5.2 and 5.5.8.

All tests of fuel properties shall correspond to standardized procedures.

The purchaser shall provide site emissions constraints for each proposed fuel.

5.5.6 Start-up and shutdown

The packager shall specify if anrauxiliary start-up/shutdown fuel is needed and define the requisite fugl qualities or
propertieq and the amount required.

5.5.7 Sdfety and handling

5.5.71 General

Safety arnd-handling requirements shall be reviewed by the packager based on information supplied by the
purchaser.

5.5.7.2 Storage

Adequate fuel storage and handling practices shall be employed to minimize water and other contaminants in the
fuel. These include settling the fuel oil prior to use, floating suction provisions, and periodic removal of water from
the bottom of the tank. In applications where adequate settling periods cannot be accommodated, rapid purification
equipment such as centrifuges or electrostatic separators may be required. The overall fuel system design shall
avoid sludges or water, and any clean-up system shall have the capability to remove sludges. Fuel storage vessels
shall be enclosed within a beamed area that meets local or regional regulatory authority requirements.

© ISO 2002 - All rights reserved 9
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5.5.7.3  Vapour pressure
For volatile fuels (such as light oils or naphthas), the purchaser shall provide the vapour pressure of the fuel at a
specific reference temperature.

5.5.7.4 Explosion proofing/leak detection

Leak detection and explosion hazards relevant to volatile hydrocarbon fuels shall be considered in the design.
Applicable codes and standards for hazardous classification and equipment design shall be mutually agreed upon
between the purchaser and packager. The purchaser shall inform the packager of any local regulation on the
subject. The packager shall define the locations of vents or purge lines to which the purchaser's connections are

required.

5.5.7.5 Vijscosity/lubricity

The packager shall identify acceptable ranges of fuel viscosity for each application. Fuel analyses (including fuel
lubricity, particularly for light fuel oils) or samples shall be provided for determination of flow properties. In the case
of heavy fue] oils, the packager shall provide information on fuel heating requirements. These include:

a) maximum fuel temperature permitted,;

b) minimum fuel temperature required.

For low lubrigity liquid fuels, the purchaser shall inform the packager of\the intent to use or operate on fugls of such
quality.

6 Envirgnmental requirements

6.1 General

Environmental issues include primarily emissions:during start-up, shutdown and general operation. Enissions of
interest are hoise (acoustic), combustion-generated emissions, and possibly thermal emissions. These fopics are
described in[the following subclauses.

6.2 Nois¢ emissions

6.2.1 Responsibilities

The packagpr shall be résponsible for providing estimates of sound emission levels from equipment within the
packager’s gcope of supply. The purchaser shall inform the packager of the presence of other sound prgducing or
absorbing sfructures;.the absorbing effect of the ground and the barrier effect of other buildings. The purchaser
shall also prpvidetspecific site details that include a general site description, topography, meteorological|data, and

physical arrngements In the absence of such information, |deal|zed site characterlstlcs of flat, ungbstructed

terrain, with

purchaser shall identify the location of noise-sensitive areas, and any appllcable statutory noise requwements

6.2.2 Expression of results

Sound measurements shall be reported as follows:

a) sound pressure level (ref. 2 x 10~° N/m2), sound intensity level ref. 10-12 W/m2) emitted by each source at a

specifie

d position;

b) sound power level (ref. 10~12 W), calculated according to sound pressure or sound intensity level.

The relevant instrumentation frequency weighting, typically “A” or “C”, shall be specified.

10
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6.2.3 Reference methods for sound/noise measurements
The measurement of sound pressure level shall be carried out according to

a) IS0 6190 in the far field, either within the plant boundaries if the measurement position is far enough from the
noise sources of the plant or outside the plant boundaries, or

b) 1SO 10494 in the near field (1 m from the major surfaces of the source). The guaranteed result shall be the
average sound levels measured from the perimeter of the unit(s) and the auxiliary equipment.

The calculation of sound power levels shall be performed according to ISO 10494.

6.24 Rlporting values

The packpger shall provide technical data on noise/acoustical emissions from the equipmeit. supplied. Reporting
standardg shall be based on the requirements of ISO 10494.

6.2.5 Sqund level within gas turbine enclosure

The packager shall report estimated sound levels inside the enclosure for the purpose of occupant spfety only. If
the enclogure is not accessible, this requirement shall be waived.

6.2.6 Sqund level outside of the gas turbine enclosure (near andfar field)
Sound enjissions shall be considered beyond the turbine enclosure:

a) Inthg near field (1 m from the source and 1,5 m above the ground): the relevant standard is ISO 10494.

b) In the far field: it is preferable that the distance fofm the source envelope (smallest rectangle gnclosing all

relevant equipment) be at least 50 m, or 1,5 times the largest dimension of the source envelope, but not more
than ROO m. The relevant standard is ISO 6190.

6.2.7 Squnds produced from different sources near the gas turbine

The turbine packager shall make responsible efforts to quantify the sound level emission from the turbine, taking
into consifleration the background roise levels provided by the purchaser. The packager shall define specific sound
sources ffom the turbine, exclusive. of sources installed by packagers beyond the scope of the turbing packager’s
control. Spund power levels and,spectral distribution in octave bands shall be reported.

6.3 Exhaust emissions

6.3.1 Ggeneral

Emissiong from gas turbines come in the form of solids, I|qU|ds gases and vapours. For natural gas operation,
gases and_va and difficult
to measure when usmg gaseous fuels. In the case of liquid fuels partlculates (solid and conden5|bles) can be
adequately measured and quantified.

6.3.2 Responsibilities

Exhaust emissions for the specified fuels shall be known and provided by the packager. Technical information on
the emission response shall be based on customer needs and regulatory requirements. Emissions will normally be
coupled to specific fuel properties, site conditions, and the operating profile of the turbine. The purchaser shall
inform the packager in a commonly spoken/written language about relevant environmental regulations and
restrictions existing or being developed.
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6.3.3 Reporting values

Emissions values provided by the packager shall be reported in a consistent manner. All emission values shall be
reported using a standardized measurement system. When emissions are reported normalized to the fuel specific
energy, the use of net or gross specific energy shall be explicitly stated. Examples of emission reporting methods
are as follows:

a) gas/vapour emission concentrations reported on a dry basis (the common reporting basis is corrected to 15 %
oxygen);

b) gas/vapour emission concentrations reported on a dry basis, but with a correction to a specific reference
oxygen fevet;

c) emissiops reported on a mass flow basis;
d) emissiopns reported on a mass per unit energy basis;
e) VOC (UHC) emissions reported on an “as methane” or “as propane” basis;

f)  emissiohs reported on a density concentration basis [e.g. mg/m3 (normalized)-corrected to a specific oxygen
content];

g) filter stajn and plume opacity methods reported to quantify smoke or particulate emissions.
When reporiing emissions on a density basis, the reference temperature~and pressure shall be clearly defined.
For solid pafticulate emissions, the following formats are appropriate:
a) emissiops reported on a density basis [mg/m3 (normalized), mass of particulate per volume of exhaust gas];
b) emissiops reported on a mass flow basis;

c) emissiops reported on mass per unit energy-basis.

6.3.4 Gaseous emissions

The packagér shall be able to provide.information at required engine loads for the following emissions:

a) NO, (ggs), both NO and NOz:may be required in some cases;

b) CO (gas);

’

~

¢) unburngd hydrocarbons (gas);

d) volatile prganic compounds (VOC) (gas);

e) opacity or visibility;
f) SO,.

The definition of VOC shall be according to ISO 11042-1 (unburned hydrocarbons, excluding CH4 and CyHg).
Clarification on the definition of VOCs may be required. Additionally, the composition of the permanent gases (CO»,
H5>0, O,, No, argon) shall be known (both on a volumetric and mass basis) since this information may be required
for any post-combustion equipment. For gaseous emissions, information from the packager shall be available in
any of the following formats as requested by the purchaser:

a) concentration basis (wet or dry basis, depending upon purchaser’s requirements);
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mass rate basis, usually on an hourly rate basis;

normalized to engine heat input.

The methods used for the measurement and evaluation shall be in accordance with ISO 11042-1 or ISO 11042-2,

or applica

ble local or regional regulatory authority requirements or standards.

6.3.5 Particulates

6.3.5.1

General

Particulat
with gase
of gas fue

6.3.5.2
Particulat
formation
knowledg
identify
a) solid
b)
c) partig
6.3.5.3

6.3.5.3.1
Smoke is

can impa
contribute

6.3.5.3.2

Smoke is|

b emissions are produced with most fuels, but are of concern only with liquid fuels. Particula
pbus fuels are not zero, but are often below detection limits of most measurement equipment|
Is, providing particulate emissions is not recommended.

Particulate and smoke emissions with liquid fuels
b emissions include solid and liquid components. These contribute to, a’ visible smoke
of haze. The packager shall be able to provide reasonable estimatescof-particulate emissio
of fuels compatible with the turbine fuel specification. Emissions shall be sufficiently u

a)

C

particulates produced in combustion,

sulfafes formed in the post-combustion process for emission @batement, and

ulates released by the ash in the fuel.
Smoke/opacity

General

a visual indicator of particulate emissions. However, particulates are not the only exhaust s

ke emissions
In the case

plume and
ns based on
hderstood to

becies which

ct plume visibility. The purchaser shall be aware that the presence of NOy in the exhalist can also

to a visible plume.

Smoke

particulat
two way
effective
purchasel
specific e

4

an emission property that is highly correlated to turbine particulate emissions and fuel
loadings can/produce a visible smoke plume. Smoke emitted from gas turbines is normally

chniques.defining the relationship between visible smoke emissions and total particulates
shall~also be aware that the smoke/particulate emissions provided by the packager are
haust'temperature, pressure and humidity conditions; and assume zero loading from local ar

quality. High
evaluated in

visible plume opacity and the filter stain method. The purchaser shall be aware that there are no

oading. The
valid only at
nbient air.

The purchaser shall be aware that the presence of control technologies at the exhaust can affect these same
emissions. Supplementary equipment, such as a duct burner, heat recovery steam generator (HRSG), oxidation
catalyst, can all affect the exhaust smoke/opacity. The purchaser has the responsibility to obtain information from
vendors on the impact of any equipment in the exhaust flow path.

Opacity/smoke emissions may be reported in the following manner:

a)
b)

c)

© 1S0O 2002

optical opacity/density, as measured by a transmissometer;
by the filter stain method;

by visual inspection.
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