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1. 301 | AOU
This report summarise§ K S LINE 2 S O3 ta NIh@i&rakiifor theINgrwegianEnvironment Agency
The objectiveof the projectwas toasses® number ofthemes associated with flaring and emissions from the oll
and gas industries in Norway:
i The status and trends gfasflaring in Norway
i Flaing technologies/systems
o0 Haring technologies/systems suitable for Norwegian conditions
o Criteria for choosing flaring technologies/systems
0 Technologies in use compared to BAT requirements
1 Opportunities andarriersfor flare reductionmeasures
I Quality of methodologies and factors used to determine emissions from flaring.

The projectteam gathered information on the design of flaring systeragisting flaring practicesmeasures
implemented and evaluation methodologies used by companies flaring offsivat onshore in Norwaguppliers
of flaring technologies, as well as relevanblicagenciesNlorwegian Environment AgendyorwegianPetroleum
Directorate, and the Petroleum Safety AuthoiiMgrway), were also consulted and provided ingatthe analyss.

In order to increase understanding of parameters affecting emissions from flaring, the projecalsamdertook

a literature reviewfocusngon partiailate matter (PM) methane(CH), nonmethane volatile organic compounds
(nmVOC), carbon monoxid€®), nitrogemxides (NO=NO+NDand sulphur didde (SGQ).

Status and trends of flaring in Norway:

There is little flaring per unit of oil and gas produced in Norway compared to other oil producing colreay

began regulating flaring associated kvéxploration and produadin of oil and gas in the 19708he PetroleunAct
(Petroleumsloven 84) contains provisions prohibiting flaring except for safety reasons and unless otherwise
approved by theMinistry of Petroleum and Energylaring as the prinary use of associated gasprohibited;any

need for flaring must be detailed in the facilitidevelopmentplans which are reviewed by theNorwegian
Petroleum Directorate (NPDThe Government regulates flaring through issuance of flaring permitsrioahn
production licensesThe introduction of the CQax in 1991provided further incentives fahe oil and gagdustry
(operators on the Norwegian continental shelf) to reduce flaring. During the 1990s, there was a significant overall
decrease of flarig. Since 2003, howevethe picture is less cleaut. Older installations have fewer reductions

and new facilities have large variationsflering rates Overall, there has been a slight decline in flaring over the
last ten years, witlyearlyvariatiors.

Somel5 to 20yearsagoa number of measuresereimplemented in Norway to reduce continuous flarithgough
development and use of new technologieBhese measures wereconsidered economcally profitable for
businessesA large portionof the remainingeductionpotential is associated with limiting flaring at stagp and
shutdown ofinstallationsfacilitiesand pressurerelief of equipment duringnaintenanceand breakdownsLow oil

prices andimited investment activity have also resulted in fewer wetons during thesarly 2000s.Renewed
attention on flaring and its emissions have increased both politically and within industry.

I NBGASG 2F AYRdAZAGOGNER QA STF2NIa G2 fAYAG FEFNAY3IA | YR
200 meaures weramplemented after2001. These efforts focused mainly on reducing-nontinuous offshore
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flaring, both indirectly through measures that improsegularityand directly through improvements in operating
procedures and training of operating perswi. Measures takerior onshorefacilities are ofterlinkedto noise,
odourandsoot emission reductiofcombustion efficiency)

In recent decadeghe oil and gas companies undertoskveral assessments pbtential emissiors reduction
measuredocused specificallyon flaring systemsMost of these measures were nobnsideredeconomical, with
only 14 measures implemented since 2001. Companies drdlyeo a limited extenguantified the effecof these
measuresNor have effects aihe measures been estiatedas part ofthis project.

Applied flaring strategies:

Companies that operate on the Norwegian continental stadfwell a®nshorehave established overall godits
reducing energy useand have worked out procedures for operations and maintenattag limit flaring at
individual facilities. A survey of flaring strategies in 2012/2013 showedieratingcompaniesio not have clear
objectives andimeline/timeframes for implementingmeasures to reduce flarind.his survey also showed that
gasflaring, to a extentgreater than in the past, is an integral part of energy efficiangyrovement processes
whereallpossible measures are identified and prioritized against other investments in a systematic way. Based on
interviewsfor this project, therds stillpotential for improingA y R dza  NoB figiaspe@ BDdensuring that the
energy managemenis anchored both locally and centrally in thempares However field and plant specific
flaring strategiesvere being developed and implemented invezal places.

Flare technologies/system:

The flare system ign important element of theA ya i I £ £ | (1 A 2 Yy @& patt bffHe lovepressu@ (G SY ®
protection for the processing plarnd used to relieve pressure. The flare system is also used dwiregisled
start-up/shut-down operationsand depressurization for maintenance of process equipment. The flare system can
also be used to continuolys handle toxic or corrosive gas and other flammableages that are, for various
reasons, not considered a#tctive for useThe primary function of the flarés to ensure safe and efficient handling

of gas in accordance with relevant safety requiremebissign of the flare system also affects noise and emissions
of various components (GANQG, CH, nmVOC, C@&Q and particles).

Flare vendors have developed new technologies that flare gas in a safe and environmentally frienBhpmagn
environmental perspective théocusuntil recently has been achieving high combustion efficiencysamukeless
operation.Many technologies have been developed during the course of the last 60 years to achieVedhis.
there is an increased focus on NG@Qand particulates.

Selection and design dife systemns dependson the specificapplication.Technical and safetyriteria, as well as
relevant environmental requirements/criteria impact flare system choiteshis contextit is important to note

that environmental requirements areeveremphasized at the expense of safelly.addition, costs are critical
factorsin selecting the design of the flare systeRoronshoreflare systemsimpact on neighbours(noise and
light) are alsoconsidered when designing the system

Detailed informationon high-pressure flares, lowpressure flares, vent flares and other flareshvspecific
applications (among othemnaintenanceflares, tank flares and28 flares) in Norwawas gatheredAnalysis of
trends in use of flare technologishows thatmost of the recenbffshore facilitieshaveflare gas recovergystems
installed,and operate without a pilot flameln general, @er facilities still use pilot flameslse of nitrogen as a
purge gas is common in newiacilities both orshoreandoffshore,but many oldefacilitiesalsouse thisOffshore
practices lean toward higher gaslocity in the burner (improwcombustion efficiency)Onshore manyfacilities
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that startedup within the last 15 years, usaulti-nozzle flaresThistechnologyis lesscommon offshore.The

survey of flare technologies in Norway shows a wide rangeesfgds, custom installations and sgpecific
conditions.

2 KSy aaSaaAiy3a a.Sad ! @I At |t6riot that heXlkry sydfedzSdgéthedwit thie 0 A (
pressure relief system constitute a critical part of the security system at &gsong plantln this project, existing
techniques that meet these safeguards were assesgginstwhat is regardedas BAT in terms of flaring and
emissionsreduction When undertakingBAT assessmesitthe costs of applying alternative solutiorshall be
considered These costs ardependent on local conditionsn particularfor older installations which were not
assessed by the project teaWith these caveats, the following are considered BAT for oiésthoreinstallations

and onshore facilities:

1 Maintenance, modifications, starp andshutdownof process plants and wells should be planned and
implemented to minimize flaring.

1 In situationswhere the primary gas utilizatioaption is temporarily unavailableproductionshould be
scalal down following an established plan that balances safety, environmental and economic
considerations.

9 Flare gas recovery:

0 Gas from higkpressure relief systems should be captured during normal operation
0 Gas from lowpressure relief systems should be captured during nornparation where this is
considered technically and economically feasible and environmemrtityent.

1 Use of purge gas:

o Nitrogen should be used as a purge gas when it is considered safe.
0 When using hydrocarbon gas as a purge gas, technical solutionsl §lgomplemented to reduce
purge gas volume to a minimum.

1 Fuel consumption by the pilot flamghould beminimized to the extent possible without compromising
the ability toignite the flare under all conditions

1  When using air and steam assisted flaritihgg amount of theassistancenedium used for assisted flaring
should becontrolled to minimize risks for both undeand overuse of the medium

1 The design andnaintenanceof the knock-out drum should ensure that there constantly sfficient
capacity toremove liquid drops from the gadream,thereby reduing smoke formation in the flare.

1 All flaring eventsshould be registered and classified by root causeensure effective identification,
analysis and prioritization of potential measures associatid flaring

Optimal design of the flarép, in most casesdepends on local installation angite-specificconditions.There is
limited knowledge on the effect of alternative flaring technologies in relation to the emissions component of this
project (particulates CH, nmVVOC, CO, $&nd NQ). As a resultit is not possible to define specific design aspects
of these as BAT.

Potential measures and limitations:

Assessment of potential measures to reduce flaring and associated emissions is difficaltttriack of detailed
information:
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1 Measurement dataThe gientific understanding ahe parameters thagovern formation of emissions
in gasflaresand the amounts emitted are somewhat limited, specificdlyparticulatesmatters (PM)
includingblackcarbon(BQ. This is due tohe challengesn conductingnmeasuements as well as limited
access toneasurementata tocalibratemodelsthat canestimate theamounts of emissions.

1 Knowledge Selectiorof flaretechnologyhasan impacton emissionsgarticles, methanenmvOCCQ
andNGOy). Thequantity emittedvariesbased oroperating conditions and type gfas flaredMost flare
designs when used within design specifications achieve good combustion efficiency and expected
amounts of associated emissiohsmited access tquantitative informationfrom flare operatorsmeans,
however,that in practice its difficult to compareflare technologies and thereforeselect optimal
designgn terms ofactualoperations ancemissions.

1 Non-continuousflaring Chargesin process desigand use of newilare technology(includingunlit
flareg) has led tonon-continuousor relatively limited flaring at many facilities. Reseaacil hard data
(practice)indicatethat low gasflaringrate andlargevariabilityin flaringratesmay affectemissions of
unburnedhydrocarbonscarbon monoxidend particulatesAs previouslynentioned, it ischallenging to
guantifythe effects ofchangesn process desigand use of nevilare technologyon emissionsin order
to assesshe impactof actions takeror evaluated representative emissions data for Norwegian
conditions should be obtained.

1 AnalysisThemajority of companiesio not systematicallyegisterinformation onincidences andoot
causedor flaring. Systematigegistrationof flaringeventsincludingcausefor the incidencesvill
contributeto increased knowledgdighlightpotential reductionsandenableprioritisation offlaring
measures in relation tother types ofmeasures.

Information on plans and analysis of pot@&itmeasures by operatowsasgathered and more than 150 measures
were reported Information on these measures were of varyiqgglity, whichhas unfortunately provided an
insufficient basis for analyzirige feasibility of these measuresd their reductbnspotential within this project.

An inportant conditionfor undertaking analysis of potential measuie$o better understand the magnitude of
CH, BC, NOXCO and nmVOEémissions undevariable flaring conditions

{AYyOS (KS wmdpTtnQa fléaridghNBsboiatedkwitti the eEpBrariort aindS groduction of oil and gas.
Several laws regulate flaringetroleum Act, COraxLaw; ExciseLaw, Pollution Control Actand Greenhouse Gas
Emissions Trading Act and its regulatiofise Norwegian Environment Agephas instruments at its disposal to
limit emissions from flaring, including through setting requirements in peramiger the Pollution Gntrol Act.As

a party tothe éAgreement on the European Economic Aré@EA)Norway must also comply with EU Direets.
The Industrial Emissions DirectigJ Directive 2010/75/E@gulates industrial emissiomsmdcontains provisions
on energy production and use of best available techniques (BA€)project teantonsiders the directive to be
adequatefor regulaing emissions from flaringeffective regulation, however, is contingent quantitative data
on emissions levelhat arerepresentative of Norwegian conditions, and tbederstanding of theelationship
between emissions and the selection of flare techigglisadequate

The project team believes thatvailable quantitative informations insufficient to identify the best potential
measures to limit particulates (especially BCH, nmVOC, N and CO from flaringt K SNB F 2 NB =
primary recommendabn is to increasguantitative informationon emissios.

day

K
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Quiality of methods and factors used to determine emissions from flaring:

Comparison of methods and factors used in Norwdth other comparable countries show that there are
relatively large diffeences in the emissions factors used for soemeissions componentsThe review of data
gathered from companies show that there is no technological or operational reason for the differences in the level
of emission factors used-or some gases, it is currntimpossible to determine emissions factors without
significant uncertainty in the resulting emissions estimaldss is due to lack of access to measurement data f
full-scale flares that are representative for Norwegian conditidrie project teamherefore recommends the
following:

1 When estimating emissions factors f@H, nmVOC, C@nd particles from flares a consistent set of
assumptions should be used for gas composition and efficiency.

1 To verify that the level of estimated emissions factorsgdby, nmVOC, CO and particulates are reasonable
measurements oriull-scaleflares or control tests of flares under conditions representative of Norway
should be carried out.

f The emissions factor for NOx, 1.4gi8D¥, recommended by SINTEF for offshore skould be revised
to better reflectoffshoreflaring conditions in terms of flaring rates and energy content.

9 The emissions factors recommended foethane CO and nmVOC seem low and should be revised
(increased) based on conservative assumptions fot ceabustion efficiency during flarind-his is
supported by measurements of flares at onshore facilities with DIAL LIDARiImtide with the principle
of applying a conservative estimate urdtter information is availablen actual levels of emissis.

1 The basis for estimating emissions factors for particulates (including BOrgadic Carboyis very thin,
and the factors presented for Norway are very uncertdihey should be revised when test results for
conditions more representative of flarimig Norway are available. In addition, an initiatsreould be taken
to facilitate and organize measurement programs that are relevant and useful in both the Norwegian and
international context.
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2.) 1 OOl AOAOEI I

The Norwegian Environment Agendy the princi@l public authority conducting work oemissions from
Norwegian petroleum installationdoth onshore and offshoreThis includes development of guidelines for
reporting on relevant emissions, continuous monitoring of operations based on reported datmratien of
emissions inventories, monitoring of national targets and international commitments, implementation of
evaluation measuresnd assessment afhat is regarded as best available techniques (BWTaddition,the
Norwegian Environment Agencgispart of its portfolio, is developing a proposal for a national action plan to
reduce shorflived climatepollutants (SLCP To support thework with the national action planthe Norwegian
Environment Agencgommissioned Carbon Limits AS to undertake gegtdo reviewa broad set of issues egkd

to flaring and emissionshe 62012 Flare Proje@). Carbon Limits AS undertook the project in cooperation with
Combustion Resources Inc. (Utah, USA). This report summarizes the work done in connectionpritjethe

Thed012Ct | NB t N2 2SO0 ¢ | A Y S gusflaring ahdyassotitedeBissioibe prdjeét Bodeged 2 v
the following topics:

Srategies and techniques used to reduce flaring and associated emissions
Available flare technologies/systes suitable for Norwegian conditions

Criteria for selection of flare technologies/systems

Current flaring situation and status of technologies against BAT requirements
The quality of methods and factors used to determine emis$jons

Potential measuresncluding costenefit analysis of potential barriers.

=A =4 =4 4 -8 4

The project was divided into two main phasést K &S mM¢ gl & O2YLX SGSR Ay (KS
was completed by the end of the first quarter of 20T8.e final report summarizes the infoation, analysis and
recommendations from both phases.

The analysis and recommendations in this study are from data collected through a survey conducted in two phases
in parallel with the project phasefuestionnaires were sent to offshore installationsdaonshore facilities
(altogether 66facilities representindl14 flares). Followup interviews were conducted with representatives of
companies.Additional interviews were also conducted with six different suppliers of flare technologids, an
relevant infamation from the Norwegian Environment Agencthe National Petroleum Directorate (NPD), and
other government agenciesere gathered The Norwegian Environment Agenagsisted the project team for the
information collection.

Ly 6t KIF&asS wmécomfehénsive sund®dfdl8estralegies and flare technologies/systems used within
the Norwegian petroleum industry was carried olihe purpose of the survey was to obtain information on the
sources of flaring, typical flaring situations (includingefleates, gas composition and duration) and technical
design for each of the 114 flares in operatidiablel provides an overview of the response rate.

1 The project focused othe following emissions associated with flaripgrticulates, methane, nmvVOC, GEI and NOx.
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Tablel: Response rate foéPhase £ survey for plants where gas is flared

CL

Carbon Limits

Number of flares Number of lesponses | Percentage of flaring in Responses from
(facilities in operation) received 2011covered by the | facilities due to become
responses (%) operational shortly
Offshore installations 88 87 99 % 4
Onshore facilities 26 21 84 % -
Total 114 108 ~93% 4

¢ KS at KI & &nswerscovarddNdgiBiés that account for a significant portion of flaring in Norway, both
offshore and onshore, and responses were generally of good guRéisnses provided an overview of the status

of flaring in Norway and ere a sufficient basis for detailed analysis of the data.

Gt KFasS Hé2@aRMAKIAVIR2NYEFGA2Y 2y O02YLI yASaQ @GASsa
emissions reductions, sts and benefits and potential barriers) and collect data and assessments of measures
implemented in the last ten years to reduce flaring and associated emisJiabte 2 provides a summary of
responseseceivedA y at Kl &S HE O

2y

Table2: Response rate foéPhase 2 survey for plants where gas is flared

Number of flares Number of responses | Percentage of flaring in Responses from
(facilities in operation) received 2011 covered by the | facilities due to become
responses (%) operational stortly
Offshore installations 88 88 100 % -
Onshore facilities 26 18 69 % -
Total 114 106 ~93% -

The project gathered information on 388 different measures from companies; this included approximately 200
measures implemented from 2002 to 2012 and 0%&0 potential measurefunder consideration, planned or
rejected) Quantified data on costandbenefits and impacts on flaring and emissionsr@available foronly 15

2T (GUKS oyy YSIF&ad2NSBaT GKSNBT2NBX Ay T2 NafitatileAGogipanhll5 O S A
descriptions provided a good overview of efforts and developments over the last ten years, and provide a basis
for understanding the prioritiesbehind assessments of potential measures for further flare and emissions
reductionsat the ndional level

Chapter3 contains a description of flaring and different aspects related to health, safety and environment (HSE)
which serves as a background for the remainder of the re@inapter4 summarizes strategiassedin offshore
andonshorefacilities in Norway to control and reduce flaring. Results of implemented measuresiaedtstatus

on flaringare presented inChapter5. An overview of flare technologsesuitable for Norwegian conditionsased

in information from flare technology supplieris,presented inChapter6. Assessments of flare technologies used

in Norway compared against BAT are presente@hapter6.4. The quality of methods and factors to determine
emissions are discussed@mapter7. Assessmentef potential measuresare presented inChapter8.

Referencesisedin the reportareincluded inthe i SE (iX),4 &l ViR ( KS idNdBeFeStdtBnZHa@erdt A &
References to emails, phone calls and links to internet pages are provided directly in the text.
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3.&81 AOET ¢ AT A (3%

The purpose of this chaptés to summarize factors that affect heagltafetyand environmentahspects associated

with flaring, including heatadiation, noise, combustion conditions and emissions of various componéhéese
factorscan beinfluenced throughdesign and modificains of flare systems and processing plants, and therefore
these relationsips are important to understanthe content of the remaining sections of this repo#s the
LIN22S0iQa 202SO0GAGS Aa (2 ARSY (AT ptdr Sdcludes witlzSraviewS £ |
of the laws and regulations relating to emissions from flaring.

3.1 Heat Radiation

The flare system together with the pressure relief system form a critical part of the safety system at a processing
plant. The flare systenis designed to preventescalation of dangerous and accidental situaticarg] thus must

meeta number of technical and operation@quirements to ensure safe and reliable operationrK S Ff | N & @
design reduces the occurrence of emergencies as walhages safety during maintenancén order to ensure

safe and reliable operations, flare systems must meet many requirem&hes Facilities &yulations and those
standards referenceth theseregulationsserve as guidelines for thaesign of offshore flarsystems, including
acceptable heat radiation in relation to objects and personnel.

As waste gases burn, a certain portion of the heat produced transfers to surroundings by thermal radiation.
Estimating radiation from gas flares is an important part of ftlsign governingfor example, flare stack height.
Radiation from the flare to another object is determined by flame temperature, concentration of radiant emitters
(in particular BC), size, shape apakition of the flame compared to the object, and pragies of the space
between the flame and object (2).

Because of the importance of flame temperature in the radiation equatiany parameter influencing the flame
temperature (including heating value of the gas, and combustion efficiency) leads to &nilircrS Ay (K S
radiation.

Wind has two conflicting effects on the flame; it both cools down the flame and causes the flame to bend (thereby
increasing radiation since the distance between the flame and other objects decreBisesg. two effects resul

in a decrease of radiation thiincreasing wind speeds (3).

Use ofassistance mediurfdescribed irChapter6.2) also has two conflicting effects on radiati@n the one hand,

it increases efficiency and thus flame temper&u©n the other hand, injection of steam or air increases
destruction of BC particle$he second effect is dominant (4).

Various parameters effects on radiation from flaring are summarizdale3.

Table3: ParametersAs) that effect radiation from flaringoBe)

‘ Iy AYONBFA&S Ay LI NI Y&)iaeductioh ¢), nd aféc8@p | 3/NIAdBONES 14 §ﬂ1

2 The Facilities Regulationd (Y y NS G y A y 3 applpoNshdreNdhdaré 8ng &f fiveHSE regulationddSEregulations
integratedspecial regulatiotior safetyin petroleum activitieoffshore andsomeonshore facilitiesdevelopedand enforced
by HSE authoritiepintly in their respectiveareas of authority.

3 Radiationis related to the absolute surface temperature to the fourth power
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For saéty reasons, acceptable radiation levels on objects and personnel are strictly regulated.

3.2 Noise

Noise from flaring is a safety issaed sustained high noise levels malgohave an effect on health. Noise levels
from flaring are regulated in order to mmize dangerous situations (for example on offshore helicopter
platforms) and to reduce stress and illness on personnel and commuritiedatter applies to onshore facilities.
Noise from flarings generatedmainlythrough three mechanisms: (i) the flosf gas through the flare tip (jet or
flow noise), (ii) steam/air injection (jet noise), and (iii) combustion (combustion noise).

There is a positive correlation between gas veloaitg flow noisg(i) in the flare tip (5), while (ji combustion
noise,increasewith improved combustion efficiency and a high flame temperatureK&ying of hydrocarbons

IAPSa KAIK FElYS GSYLISNrddzaNBa |yR KAIK y2AasS £ S@St
FNBIljdzSyOe O2Y0dzaiA2y 8 ¢¥2Aa8S 1&680aYrdEa (imaryS INRIIKNE & dzNNJI

transmit noise is reduced due to changes in gas density around the flamhéyvind cools flare effluents thus
increasing gas density that may in turn increase noise propagation (2).

Steam orair injection in the flame aggravates flare noise by produbiig frequencyjet noise (ii).Jet noise can
be reduced by use of small multiple steam jets and if necessary, by acoustical shrouding (7).

Various parameters effect on noise from flaring arexmuarized inTable4.

Table4: Parameters ¢A€) that effectsnoise from flaring ¢B¢)

Ly AYONBIF&S 2F LI &) redGeés§ Nhad nokeffedt fHdaskm undedr eftect (?) an. €
Ty
«B» Combustion Flame Gas eating .| Diameter of | Turbulent Crosswind
«A» T . . value of the | Gas velocity . .
@ efficiency temperature density - flare tip mixing speed
Noise level
. @ @ Q@ @ Q@
from flaring Mo ¢ ¢

Noise from flaring can be reduced by modifyiregdltip design, both through use of lemoise burner designs as
well as other control measures (optimal solutions are dependent on flare specifications) (6).

3.3 Emissions associated with flaring

Gas flaring is a major source of air pollution and resulthénrélease of a number of differesbmponents The
most importantcomponents in terms ofamountand potential impactare CQ, NG, VOC, CO, Sgand particulate
matter.

4 Unburnedhydrocarbons, including methane and norethane Volatile Organic Compounds (nmVOC).
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The combustion process in a flare is complexsimple terms, it is an uncontrotleflame open to external
influences.It can generally be understood by studying tfiéferent physicaland chemicaprocesseghat occur
during the gascombustion.The order of magnitude of emissions is dependent on a number of physical and
chemical reactins, governed by conservation of mass, momentum and en@iggiple This in turn is influenced

by cas composition, flare ratelesign of the flare system and external influencdse following text contains brief
descriptions of two key concepts relateéd efficiency of the combustion process, as well as a summary of
governing parameters of combustion efficiency and emissions from flaring gf E@® VOC, CO, $S@nd
particulate matter.The summary encompasses a review of available literature and disgusgh international
experts.

Combustion efficiency and destruction efficiency

The terms combustion efficien@nd destruction efficiency are oftemsed interchangeably and therefore, are
confused. Destruction efficiency is a measure of how much obtlggnal hydrocarbons are destroyed (to form

CQ andCO), while combustion efficiency is a measure of how much of the original hydrocarbons burn completely
to CQ and watervapour. Destruction efficiency is always larger or equal to combustion efficiét)cy

Parameters effecting combustion efficiency by flaring

Combustion in an open flare is characterized by an inhomogeneous distribution of local combustion efficiencies
that evolve over time (8) (9Bee Figure®). To obtain an accurate determination thfe combustion efficiency of

a flare, one must know the distribution both horizontally and vertically over the plufhés has important
implications in terms ofequirements fomodelsquality as well as flame combustion efficiency measurements.

Figure 1: Model of combustion efficiency in flaring

5 Figure 1 shows a volume rendered image of a large eddy simulation (LES) of two flares, and distribution of the combustion
effect in the flare/plume for the two flaresThe red tones show areas with low combustion efficiency while the blue tones
show areas wth high combustion efficiency.
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Generally, lighter gases and gases with high heating value tend tovimmmefficiently(7). Since the temperature

of the flame is directly related to the reaction rate, tharfle temperature increases at higher combustion
efficiency.

In terms of flare design, flare tips with a large diameter megucecombustionefficiencylocallynear the flame
centredue to low oxygen levels while higher gas velocity generally increasesixheywith air thereby increasing
combustion efficiencyThe flare tip can also be designed to enhance mixing gas and air, thereby increasing
combustion efficiency (10).

Combustion efficiency, can to some extent, be influenced through certain flare apgrparameters.For
example, experience with assisted flares show that both too little and too much consumption of an assistance
medium (steam or air) can reduce combustion efficiency (11). Chepter6.1 for further details)

The reduction in combustion efficiency caused by wind has been measured orssaiallab flares for relatively

low wind speeds (12)Measurements carried out on large scale flares indicate, however, that combustion
efficiency is not significantly affesd by crosswind speeds up to about 10 m/s (B)higher speeds, wind has a
significant effect on combustion efficiency of a flare as it causes the flare flame tdrtemeffect of higher wind
speeds on larger flares (large diameter in the flare sgurrently being discussed in the USA

Various parameters influencing combustion efficiency of gas flaring are summarigabl@b.

Table5: Parameter ¢A£) and its effect on flare cobustion efficiency dBe)

Iy AYONBF&aS 2F LI &) redGeés§ Nhad noeffedt O NBSH & Slay 6dzy Of S NJ

. Heatin . .
«B» Combustion Flame Gas ¢ .| Diameter of | Turbulent Crosswind
«A»ThH - ) value of the | Gas velocity . o
(0] efficiency temperature density - the flare tip mixing speed

e ] o e [ e P R

3.3.1 Emissions of CO

CtINAy3 O2yadAriddziSa | €@ amissignd (boytiil.3 indliozNddies 8 P011b 2 NI
representing 10.9% d£Q emissions on the Norwegiacontinental shel{14)). Emissions o€Q from flaring

have been subject to specific regulation and a great deal of attention over tifieS LJdzZN1J2292 2 F
FlaringProjecE T G KSNBF2NB> ¢l a G2 AYyONBlFasS (y@adsScRI® 27T
report briefly describe€Q emissions from flaring.

Emissions o€Q from flaring are directly related to gas composition and combustion efficiency. Combustion
converts the total carbon content in the flare gas@®. Emissions o€Q from flaring, while undesirable (as

CQ is a greenhouse gas), are necessary as flaring is both a safety measure and a method for protecting the
environment by reducing emissions (through efficient combustion) of other more harmful gases. Parameters
that postively affect the formation of othepollutantsmaylead to an increase &Q emissionsFor example,

<
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higher combustion efficiency levellsads toCH, CO and nmVOC emissiagegluctionandan increase iltcQ
emissions.

3.3.2 Emissions of NOx

Nitrogen oxides (Bx) increase the risk oéspiratory diseaselheycontribute to acidification and corrosion,

and in the presencef sunlight and VOCs contributie the formation of tropospheric ozonditrogen oxides

are formed four ways during combustion: thermal NOxarppt NOX, via bO (nitrous oxide), and scalled fuel

NOx. Typically, flare gas contains no chemically bound nitrogen; therefore, fuel NOx has little significance for
emissions from flaring (15%tudies have shown that NOx formation vigONs also oftile importance in flaring

(16) (17).

Measurements show that NOx emissions increase with higher flame temperatures, higher combustion
efficiency and higher gaseating values1@8). Improved mixing of hot combustion gases through steam/air
assistance lead® higher efficiency and flame temperature, which, in turn, increases NOXx |esteidies

carried out by SINTEF shows that NOx emissions from flaring increases with higher gas velocity in the flare tip
and decreases with increased flare tip diamet#®)(Ly G KS SELISNAYSy Gl f aaolta
presented by SINTEF in 2068-4 O f A )yNDx éntisgians penassunit of flare gass negatively correlated

with gas density (20) Data from Discroll et al (1992) shows that emissions factors fox isl@ositively
correlated to thed dzNJ/dianddeds (Burner size from..6 to 5.2mm) (21)SINTEF, however, found the opposite
effect, i.e., NOx emissions reduce by increasing flare tip diameterQI9T.EF points out, however, that the
effect of diameteris uncertain as the scaling law has not been verified experimentally for large flare tips
(>50mm).

Hydrocarborrich (oxygen poor) fire or flame zones reduce NOx emissidressame applies to air, which cools

the flame and reduces NOx emissions.

Various arameters effecting NOx emissions from gas flaring are summarizZeabla6.

Table6: ParametersA¢) effecting NOx emissions from gas flaring (in g/kg)

'y AYONBI &S 2 ¥ eabdsql) radteésg Nhad noeffedtfHONK & +y dzy Of S NJ
«B» Combustion Flame Gas Heating .| Diameter of | Turbulent Crosswind
«A» T . . value of the | Gas velocity . .
@ efficiency temperature density 5 the flare tip mixing speed
Emissions  of e a c a o ¢ K « c
NOx (9/kg)

3.3.3 Emissions of VOC (methane and nmVOC)

Emissions of VOCs (volatile organic compounds) are primarily due to incomplete combustion ihfasssne
parameters governing combustion efficiency therefore govern emissions of VOCafmethd nmVOC) (see
Table7). Methane and nmVOC emissions depend on the proportion of methane and other hydrocarbons in the
flare gas (in percentage by volume or mass depending on the emissiondVeiltane is gotent greenhouse
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gas with a relatively short lifespan in the atmosphere, while nmVOC are carcinogenic and contribute to the
formation of tropospheric ozone.

Table7: ParametersdA¢) effecting emissions of methane and nmV@E) from gas flaring

Iy AYONBF&S Ay LI elredGeés§ Nhad noeffedtfHO NBSH & Slay odzy Of S+ NJ
«B» Combustion Flame Gas Heating . Diameter of | Turbulent Crosswind
«A» T L. . value of the | Gas velocity . .
@ efficiency temperature density 55 the flare tip mixing speed
Methane &
nmVOC [ [ @ [ [ ? [+ @ ?
emissions

3.3.4 Emissions of CO

Carbon monoxide (C@® also a source @missions associated with inefficient combustion of flares {saze

8). Emis®ons of CO, therefore, should be measured to determine combustion efficidfegsurement data

from flare studies show that emissions of CO increase almost linearly as combustion efficiency decreases.
Steamassisted flares, where the gas flared has adaw heating valugsare, however, an exception (22) (23).
Emissions of CO have health consequences and contribute to tropospheric ozone.

Table8: ParametersA¢) effecting emissions of C@BE) from flaring

An increase in parametet | £ A Y @ NdBducestd, has noeffectlly KF a |y dzy Of S| NJ
«B» Combustion Flame Gas Heating .| Diameter of | Turbulent Crosswind
«A»Th - . value of the | Gas velocity . -
@ efficiency temperature density —_— flare tip mixing speed
Emissions of a s @ ?
co G G G G ! G E

3.3.5 Emissions of SO

Sulphur dioxide (Sg) acidifies soil and water, causes corrosion and increases the risk of respiratory disease.
Normally, sulpbr is not present in aiaround the flare Sulplur in the wastegas converts to SQiluring
combustion; emissions of $@re directly related to the sulplr (HS) content in the flare gas.

3.3.6 Particulates

Particulate mattePM)comprises many different chemical compounds; the specific chemicals are determined

by pollutant sourceEmissions of B influence local air quality, the global climatend can be transported

over great distances alonwith other pollutants (24)Related toflaring,emissions of a I NB LINRA Y I NA
/' FNb2Yy£¢€ o0./0 FyR &hNBI yikoOmplele bhthasyioh of gas./ 0 G KF G | NR &S

7 Climateeffect varieswith particle composition.Emissions oBCcontribute to globalwarmingby absorbingsunlight (in
particular when BC is deposited on snow and ice). On the other hand, OC has a cooling effect on the climate because sunlight
is reflected.
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The black carbon formation process is very complex, involving several steps of chemical and physical particle

growth and then destructioh The final amount oBCemitted from a flare is a result of the competing effects

related to the fomation and oxidation of these particles (25).

Compared to other types of emiss®presented in this report, information oBCfrom flaring is relatively

limited.¢ KA&a ¢l & O2yFTANXYSR NBOSyiGte Ay ¢ 2 MbcEdggrR@Badi I | S
f1-O01 /FNDb2Yy¢ |YyR (GKS a! NIAO [/ 2dzy OA fVaribus dnfernaGodalld S  ;

research groups are actively working to understand the relationship between the complex formation process

of particulatesand turbulent conditionsn a gas flareAlthough the governing parameters are not yet fully

understood, some important relationships have been identified.

Laboratory experimentandertakenby Carleton Universityn Canaddnave shown thasootformation tends to

increase with gasehsity, flare tip diameter and gas heating value, where the best correlation is betseetn

formation andgas heating value@5) (sed-igure2). According to the US EPA (2002), all hydrocarbons heavier
than methane can caus8C formation

Figure2: Emissions factor for soot as a function of volumetric heating V4RE®
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8There is extensive work on formation of s formation, includingF. Mauss (Lund UnijvM. Frenklauch (Univ of Calif
Berkely), and R. Lindstedt (Imperial Colled(}.is formed through a chemical reaction mechanism that starts with the
formation of acetylene (8H2) leading to a benzene ring which grows into a ratftg Poly Aromatic Hydracbon (PAH)
compound.The heavy PAH molecules form primary soot particlégse particles then grow (via the addition of gas phase
molecules and/or other PAH) and aggregates (via paftialticle collisions)Oxidation decreases the mass of soot partcle
and forms CO an@Q. BCcan also be formed as graphitic carbon which is quite different from the PAH form.

9Based on measurement data of burners («jet diffusion flames») with diameter from3&'Y (2 2 @SNJ a FANB C
greater than or equal t@.003.
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Long, unsaturated and branched hydrocarbons have a higher propensity to create soot than saturated and less
branchal hydrocarbonsin tests, ethylene and other alkalis (olefins) have a high propensity for soot formation
than Ethane and other alkanes.

According to experts consulted during this project, there is no direct relationship bet®Rdeformation and
combustionefficiency of flares. In 2010, Aerodyne Rese#cim conjunction with Montana State University,
conducted a study on behalf of the Texas Commission on Environmental Quality (TCEQ)emnis$kions at the

John Zink test laboratoiyp USA?27). During tk study, emissions of particulates (BC and OC) from assisted flares
showed increased levels at high(er) destruction efficiiegy The measurements showed that particulate
emissions from flaringre not always a function of low combustion efficiend@jhese results align with a much

older US EPA publication (S&igure3). James G. Seebo@2 y Of dZRSR Ay | NBOSyd | NI A Of
for the best combustion efficiency, you should run (the flare) asteslightly smoking all thé A Y &.£&Smoke
FTNBESE 2LINIdGA2ya I NB GKSNBF2NB y2 3Jdzk NI yisSS 2F YI E
The impact of wind on particulate emissions is quite uncertain. In theory, wind shortens flame length and thus
combustion productsool faster and can exit the combustion zone before oxidization. On the other hand, the
TCEQ study (discussed above) showed that moderate wind had no significant effect on particulate emissions.

Figure3: US EPA Study on theiEi#ncy of Industrial Flares1984

EPA Studly of the Efficiency of Industrial Flares
100 g EPA-600/2-84-095 May 1984
averages of 74 total tests

Combustion Efficiency, %
©
©

98

visual observations:
little orincipient
smoke (14 tests)

no smoke (32 tests) smoke (28 tests)

Higher gas velocities in the flare tip increases air mixture, improving the mix of air afthgaleads to increased
oxidation ofPM (increased consumption of air) and lowers particle concentratibls® of steam/a assistance
also significantly reduces concentrations of particulakdsasurements from the Aerodyne TCEQ study for steam
and air assisted flares confirmed thigtire case opropane and propylenéare (23).

The influence of various parameters on pelg emissions from flarinig summarized inrable9.

Table9: ParametersdAs) that effect particulate emissions (BC&O)(from flaring

‘ 'y AYONBIF&S Ay LI d\))ldectses §l), Kag nb efflegfOINBK: 135S aF yo dzy Ot S| N

10 http://lwww.aerodyne.com/
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Based on available measurements, assumedhat a high proportion (>95%) of particulate emissions from flaring

is characterized as PM2527). Various studies using different methods to quantify particle emisstdmesve

shown that the distibution between BC and OC emissions from flaring varies someWwhatproportion of BC
emissions from flaring is, however, significantly higher than from combustion engines and gas turbines. Johnsen
et al estimate that BC and OC emissifnosn flaring congitute 80% and 20% respectively, of total particulate
emissions (based on the use of two different measurement methods)T88)TCEQ study, however, showed that

the proportion of OC emissions constituted between 4 to 20% of total particulate emissins (2

3.3.7 Laws and regulations related to emissions from flaring

Domestically, emissions from flaring fall within the scope of the Pollution Contrdiéiatiay, as a member of

the EEA Agreemelit is also obligated to comply with EU Directives (28)er EU lawindustrial emissions

are regulated by the European Directive 2010/75/EC (IEB. Industrial Emissions Directive replaced EU
Council Directive 97/61/EC concerning integrated pollution prevention and pollution control (IPPC Directive).
Norway implementshe IED through the aforementioned Pollution Control Atte Directive sets requirements

for pollution authorities the Norwegian Environment Agencyo monitor operations and obligations of
businesses in relation to the environment (through inspectiomd imspectiorplans), defines sectors covered

by the Directive, and environmental requiremeniBhe Directive also sets out detailed specifications for
permits covered by the Pollution Control Act

The IED provisions for large industrial facilities ineludquirements for integrated emissions permits, i.e.
licenses covering pollution of water, air, waste, etmd requirements foluse of best available techniques
(BATY and energy efficiency (29).

¢KS L95 FAYA (2 AGLNBGSYy (iR YNYRAZGS LRY R d2id 2% NINR & A VIZ
such, the definition of BAT emphasizes the usene&sures, which prevent the formation of emissisrover

1 Fine particulate matter with an aerodynamic diameter less than or equal to 2.5 micrometres.

2 Studies udertakenby Johnsen et al at Carleton University are based on measurement of BC emissions with the help of a
proprietary laserbased technique (skiyOSA) and a sampling method collecting soot filters for determination of total particle
volume (25). Aerodyne Research collected and analyzed samples -tdm@soot particle aerosol mass spectrometer and
scanning mobilit particle sizer), and have quantified the distribution of both BC and OC in relation to particle size

B3The Agreement on the European Economic Area brings together EU Member States, Iceland, Liechtenstein and Norway into
a single Market. The Agreementgyides for inclusion of EU legislation in certain areas.

14 Chapter 36 of the 2004 Pollution Contédt implements the IPPC directive under Norwegian law.

15 A guiding principle in the IPPC Directive is that those responsible for a business are olige&to 6 6 Sad | @+ At | o f
(BAT)and that emissions limits contained in perméiie based on BAT. Article 9 of the Directive states that the permit does

not prescribe use of a particular technology, but that the technology is chosen taking intdeatigin localconditions.
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measures that capture them®. The EU prepares BAT reference documents (BREF documents) fod define
activities within a particular sector anacross sectorsThe BREF documents include BAT conclusions that
describe considerations for BAT within a specific sectBAT conclusions contaimformation to assess
applicability, related monitoring, consumpti levelsand emissions level associated with BAfe IED obliges
pollution authorities to apply similar or more stringent emissions limits in industry pernite. IED also
requirespollution authorities to ensure requirements are in place no later thaur years after the publication

of new or revised BREF.

The BREF documeradoptedunder the IPPContinue to be in forceintil updatedunder the IED procesBREF
documents are updated at least every eight yedPermits issued by thBorwegian Environent Agencyare

set based on adopted BAT conclusions (whenever available), and contain all necessary measures to ensure
compliance with the IED, including emissions lIimBREF documents are, however, not available for all
activities within a sectoWhen BAT conclusions are not available, installations are to meet the standard of
environmental control based on BAT and related BREF documents. Offshore energy facilities are covered by
BREF documents under large combustion plants (LCP BREF) but flaringpsaifatally addressed®BAT
considerations related to the process design and design of flare systems are included in BREF documents for
refineries and gas processing plants BREFR). This does not, however, include activities related to
exploration, poduction, transportation and marketing of productSherefore,large portions of flaringn
Norway are not directly covereBREF documents for the production of organic chemicals (LVOC BREF) contain
BAT assessments related to flariiere is also a hadntal BREF document related to management of waste
gas in the chemical industry that includes flaring (BREF, pages 5B85)*.

New facilities andlevelopmentprojectsare required to comply with the terms of the IED (including use of BAT)
from commisgning Choicesnade during thelanning phase can have technical and economic consequences
for reducing emissionsOperators must therefe inform the Norwegian Environment Agenown its BAT
assessments well before decisions are taken and before bindingacts are madg28). This is due to the
impact decisions made during the development phase can have tedyrécel economially for reducing
emissions.BAT assessments must also include an environmental impact assessmant.application for
emissiors permits under the Pollution Control Act, operators must substantiate their chosen solutions as BAT.
The Norwegian Petroleum Directorate, in their treatment of development plans (PUD anit), @it include

an assessment of the facilities design with me@ flaring requirements including the BAT assessment.

Through this project, théNorwegian Environment Agendyoped to assess what qualifies as BAT for flare
operators in NorwayThe assessment was undertaken to minimize flaring requirements (proceigs desl

Bg.1¢ Aa RSFAYSR Ay G(G(KS L95 Fa aiGKS Y2ad STFFSOGABS I yR |
operation which indicates the practical suitability of particular techniques for providing the basismifssion limit values and

other permit conditions designed to prevent and, where that is not practicable, to reduce emissions and the impact on the
SYGANRBYYSYy(d a | gK2t Soé

17 http:/leippcb.jrc.es/reference/BREF/ref_bref 0203.pdf

18 http://eippcb.jrc.es/reference/BREF/cww_bref 0203.pdf

2 Plan for development and operation (PUD) and plan for construction and operation (PAD).
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operating procedures) and techniques for optimizing the combustion process to reduce emissions of NOx, CH
nmVOC, SOCO and particulatél

The combustion process and governing parameters presented above for various emassiofisienced the

by design of the flare systenmOne challenge in assessing flare techn@s@gainst BAT are the design
requirements for the flare system (including safety, health and environmental regulat®edhrmance, in
relation to limiting emissions, is only onémany relevant considerations when choosing a flare de8igaed

on interviews withthe Petroleum Safety Authority, suppliers and companies, Carbon taniludesthat
reduction in emissions is not currently an important performance criterion Gegier 6.1for a more indepth
discussion)lt is not straight forward, rathodologicallyand practicallyto evaluatewhether aminor increase

in safetyriskis acceptableagainst an environmental improvement the absence of gper pricing of social
costs associated with all types of emissiditds also fundamentally challenging to make reasonable judgments
of cases where measures have opposite effects on emission compdeempiscreased emissions of NOx and
particulates vesus reducedCQ emissions).

Chapter6.4 contains summaries of BAT assessments.

20 Technigues to minimize flaring requirements are describe@hapter8.2 while techniques that can be udedo optimize

the combustion process is presentedGhapter8.3.

21 CQ emissions from offshore flaring ilabeen covered by th€Q tax law since January 1, 1991, aar@ now covered by

the Emissiongrading Law. TheBEmissionsTrading Law alsocovers onshore flaringd tax on NOx was introduced in 2007.
Offshoreflare installationshave tax obligation on NOx emissions. Onshore facilities with less emissions source (flares) are
subject to environmental agreements on N@&aviroty Sy (i € | ANBSYSy & 2y bhE NB3IdzZ | GS
the Government to reduce total NOx emissios.NOx fund was established forovide investment projectswith verified
emissions reductiond’he company pays voluntary contributions tetfund based on their emissions (equivalent to 15 NOK

/ tNOx).
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4. &1 AOA 3 00AO0ACEAO
An objective of this project was to document existing flare strategsed in oil and gas companits gain an
understanding oturrent practices and approaches used in flariflge project team gathered information on:
9 Strategies used (if any) in offshore fields and onshore facilities in Norway to control and reduce flaring
T 12¢g (GKSasS adN)r Gd§S3aASa Y eratorS médnaggnest Rnd an2rgyinfartage@enty LI
T /2YLI yASaQ alLlS Oredudingflarlhg an8 GriigsignS &f greehidlise gases atier
associated emissions

Carbon Limits interviewed 12 representatives from offshore and onshore installations in Nanalagjrig key
personnelin headoffices Theinterviewees selecte@rovided a representativesampleof Norwegiarandforeign,

large and small companieSeveral of the interviewees also had responsibility for more than one facility. In total,
information on20 different facilities was made availabMost interviewees had environmental responsibilities

for facilities, andsomeprocess manager@soparticipated tothe interviews.

The interviews showed thalaring strategies, both objectives and measuregéaiucing flares, vary between sites

and operators, but commonalitiesxist It is worth noting that the majority of offshore fields on the Norwegian
continental shelf and onshore facilities have achieved significant reductions in flaring, showirthemost
accessiblemission reduction potentialhave already been achieved

In general, those interviewed statétat gasflaring, to the extent possible, should be reduced and unnecessary
flaring should not occufThe majority of those interviewed, howendound it difficult toformulate anoverall
objective andationalfor reducing or minimizing flaring.

Larger companies have clearly defined objectives and strategies at the company level, but implementation at the
installation/facility levelhavevaried Based on the interviews, it was difficult to identify cléaplementation
plansfor achieving the overall objectiv&he project team surmised that company objectives and strategies did

not filter down to installation/facility levelThis could be duentseveral factorsThe objectives and strategies were
2yfte G tSrad LINIAFEte (1y2éys GKS O2YLIyeQa adNXi
under preparation (during the time interviews took place) and overall flaring strategiesdietdual installations

or facilities were not yet in place.

Some larger companies have key policies and procedures covering onshore facilities and offshoféésédare
concrete targets determining how long and how much flaring occurs before shutdowither measures are
implemented If limits are exceeded (i.e., flaring rates offshore and specific emissions limits for onshore facilities)
they are reported and explained internally as well as to the relevant authorflasing permits, granted under

the Petroleum Act, appear to be an important management tool for all offshore operatbmast all interviewees
mentioned it as a key tool for managing flaring volumes.

Currently a high percentage of flaring is due to unplanned shutdownsesedts It ia G KS LINB 2SOl
assessment that, while management closely monitors and have clear guidelines on decreasing such incidences,
the primary reason for minimizing flaring is safety and production rather than actual minimization of flares (which
becomes a psitive side effect)Prescribed routines (at shutdown, maintenance, and so forth) seem to focus on
safety, operating efficiency and productivity rather than minimizing flaring.
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Energy plans normally include assessmentdflming, of which environmentailans are also a pailaring is not

a key focus of such planghe level of awareness dhe impact of these plans on energy management varies
between companies (both offshore and onshore) and in general seems to be in an initial stage of understanding.
The companies interviewed, with the exception of one, did catiegorizethe causefor flaring all flaringwas

Of FaaAFTASR a qalFSdeée TFEIFINAyIodE 5FAfe& NBLRNIA O2yi
Retrospective systemizationp®ssible, for example by going througtchiveddaily reports (as the project team

have donefor this study).Companies with offshore installations are concerned with flared volumes, but less
concerned with causes of flaringlare permits pursuant to thBetroleum Act controlocus on minimizindlaring
volumes, to the extent possiblé&iven thatsystematized information on flaring causes is not readily available,
there is causeto question how management can effectively prioritize resources between \amoitigation
measuresA systematic overview on continuous flaring, dividedyay sourcsuch as piloflame, purge gas, glycol
regeneration, and waste gas from produced water, would be a useful assessment tool in priogitiEgsjpn
reduction measures

A significant portion of nowontinuous flaring offshore is due to unforeseen disruptions (approximately 80%).
Since this normally implies a loss of production, it is reasonable to assume that most companies systematically
review these eventsAbout 30% © this flaring is attributed to depressurization for maintenance and start
up/shutdown of plants and compressofBhis category of activity presents a potential source for improvement.
Manyfacilitieshave taken steps to improwgte-specific strategies ahprocedures to minimize this type of flaring.

In assessing information gained through this phase, the project team determined that the offshdex@&yime
introduced in 1991 achievesignificantemission reductiondlaring measures that otherwise wiabnot have been
implemented were, due to the G@ax. Further improvements by companies to reduce flare volumes are deemed
economically demanding, and in terms of prioritization must be carefully weighed against unintended
consequencesThere is currentlyess pressure than in earlier decades to reduce flatinig partly explains why

few flare reductionmeasureshave beenmplemented Attention has increasedrecently, which was confirmed
through the interviewsa number ofinterviewees referenced newlyitiated plans.Energy efficiency is a prime
example.One company stated that flare strategy has been included as part of the governing documents of the
company since 2012t contains a requirement for preparation of local flare strategies for all opamati units

(this is an ongoing process).

Expectations over climate policy may have led to increased awareness on the importance of flare reduction and
linkages to energy efficienc@ne company stated thdyave hadongterm goalssincethe 2008 KonKrafteport

was issuett, in which the petroleum industry undertook to reduce £&issions by a total of 1 million tons by
2020.Thecompany $ now working to put in place strategies for individual fields and onshore facilitiessshows

that these types of mrcesses and resulting measures are time consuming to implerogoi completion of the
GHnmMmH NRf2ISNEIét A0 0SOFYS Of SFNE K2¢SOSNE GKIFG F aAady
the situation at individual fieldexist. This gap demustrates the time required for processes to result in concrete
actions andbehaviourchange#. It also shows the need for constaatention, visibility and clarity at all levels.

22 http://www.konkraft.no/default.asp?id=1005
23 |n several cases$he project team considered theelationship between kegtrategiesand objectivest the company level
and specifigoals and planat the facility levelto be weak or nofexistent at completion of the interviews.
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Recommendations:

Technical and operational measures to reduce flaring cae Imegative effects on other environmental goais.
recommendation on measure to reduce flaring rates may lead to an increase in fuel consumption for individual
flares, increasing both methane emissions (so that flares choke and extinguish) and partécoisseons as
combustion efficiency deteriorate©ther parts of this report address these negative correlations, whose effect
are dependent on installation specific conditionShe project team, therefore, cannot provide specific
recommendations on techoal and operational measures related to existing plants and offshore installations.

The project team recommends th#aring be systematically categorizedlassifying either by flaring cause or by
systemshy GKAOK (GKS FEINAYIK2QAdzZNIEE® adMNE RLIASIGAS I di il Iy il A 2
Increased attention enables companies to run a more systematic prioritization for both offshore and onshore.
Improvements in energy efficiency are also possible, and must be anchored both lodatrarally. This ensures

that flaring occurs as part of a more centralized energy management Risponsibility for improvements $ie

with managementWithout clear and continuous attention by management, strategies and plans are inefficient
and end upshelved.The gap identified by the project team between stated complawel strategies and
objectives, including emphasis target (incentives) and how these filter down within a company needs to be
closed in order to achieve lasting improvemeintshe operations
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5. &1 ACHI C | Ox AU

There have been many measures implemented in Norway to minimize flaring, at both offshore installations and
onshore facilitiesFlaring volumes declined slightly ovime past decade, varying from year to year.Ct | NA y 3
intena A i8¢ ORSTAYSR | a.e produchdssRowdLighttizyisthg ttel3dBldufiny the same period.
Chapter5.1 provides an overview of actieiaken over the last ten year3his chapter briefly covers techniques

for reducing flamg and related emissions, arid described in more detail i€hapter6. The status of flaringn

Norway, based on latest available informatiois, presented inChapter5.2. Chapter 5.2 combined with an
assessment of available technology, formed the basis for BAT assessthesgsire presented irfChapter6.4.

5.1 Trends in Flaring and Measures Implemented within the Last Ten Years

Regulations on flaring assated with exploration and production of oil and gas were enacted in the 1970s in
Norway.Petroleum legislationtie Petroleum Act 841) contains provisions prohibiting flaring except for security
reasons, unless permitted by thdinistry of Petroleum andEnergy Norway prohibits flaring as the only option

for the use ofassociated gasl Tl OAf AGe@Qa RSaA3Iys gbyth&NoNBgahFetleum 2 T
S5ANBOG2NI GS o0bt50 Fa LINI 2F GKS 2@SNUDdnd PAD)EITR& &4 Y Sy
Government regulates flaring through issuance of flaring permits byMhimistry through annual production
licensesThe longterm, predictable and strict regulation of flaring has undoubtedly contributed to the low level

of flaring in Norway, particularly compared to other oil and gas producing countries giglre4 shows the

change in amounts of gas flared in Norway from 2000 to 2012, including the largest contributors anshet&t

and doldg installations.

Figure4: Development in the amount of gas flared in Norway since 2000
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Following the introduction of the 1991 G@x regime, companies introduced a number of measures to reduce
continuous flaring; these inatled developing and adopting new technologies such as flare gas recovempland
flares (with automatic flareignition whenrequired). Total volumes of flaring in 1993 were almost 30% lower
compared to flaring volumes in 1989, despite an increase imtimber of fields during that peridel Since the
introduction of the C@tax regime, new field developments have largely applied technologies limiting flaring from
continuous sources (including flare gas recovery and use of nitrogen as a purgéagmsisstudies conducted
aAyO0S GKS SINIe dhnQa Kis@offlarkd doydud t dpératibnalhd Bafety réasans f &
Oay@yYiAydz2zdza FELINAYIEO OomMO P

5dzZNAy 3 GKS LINRES hiomhitiondoh Méasues implemented during the Idsh years were
gathered from companies that flare gas in Norway (i.e., a total of 52 different offshore and onshore installations).
Companies reported more than 200 completed measures tbdticedthe amount of gas flared or themissions

from flaring. Thee is only a qualitative description for the majority of these measures, i.e., no information was
provided on quantified costs, reductionsunlumesflared orin emissionsWhile quantification of impacts from
measures implemented in the last ten yearssvean objective of this project, it was not possible due to lack of data.
Data gathered on implemented measures was categorized and is presentatlei0.

Table10: Overview of reported masures implemented during the period 202 to 2012

Category: Subcategory: # reported measures:
_ Technical measure to improve regularity 33
Technical .
measures (increased) flare gas recovery 18
Various measures to reduce amount of gas sent to fl 18
Operational Improved procedures and flaring strategies 93
measures Personnel training 24
_ Measures related to pilot burners/ignition 4
Changes in flareg
desian Reduced use of hydrocarbgasas purgegas 2
: Other measures 10

Presented below are evaltians of implemented measureBotential measures, based on the categorie§able
10, tied to further reductions in the gas sent to flares and associated emissions are descti@bieB.

5.1.1 Measures to reduce non -continuous flaring

Technical measures - Improvements in operational regularity:

In 2002, the NPD noted that marfgcilitieswere pushed beyond design raten order to increasearnings and
net present valuérom productian. In somecases, this has led to disruptigmsore irregulariiesand more flaring
(1). Asthere are significant wiwin situations related to avoiding unplanned downtime and loss of production,

251n 1989, there were 10 fields while in 1993, there were 20 (1).

Page26 of 86



Assessment of flare strategies, techniques for reduction of flaring and associated emissions, emission (‘I
. o . ol
and mehods for determination of emissions from flaring Carbon Limits

companies largely focus on maintaining regular productMeasures increasing regularity are not necessarily
aimed directly at flaring, rather they are considered dympaniesto represent some of the most important
measuresand cardirectly or indirectlyreduce gaglaring.
Companiegeported 33 technical measusamplemented to improve operational regularitdccording to the
companies however,the answers to the questionnairgid not provide a complete picture of efforts made to
improve regularity in the last ten yearshis is due to challenges associated Miiting in thequestionnaire as it
did not capture all relevant measures.
The majority of measures within this category reduce flarixamples of measusémplemented include:

1 Upgrades of control/logic/control systems

I Optimization of maintenance (faxample water washingf turbines)

1 General upgrading of equipment

1 Improved robustness of power supply (production and/or distributién)

Datasubmittedthrough thesurveydid not provide a basis for quantifying effects of these types of meastihés.
is becauseoperational units only to a limited extentndertook quantification/analysis ofhe flare reductiors
component of these measures

Operational measures - Improvements in procedures and flare strategies:

Companiesreported 93 implemented measures tionprove routines and procedures and flare strategies at
individual installationsNearly half of these measures (40) were implemented in the last three years-P201).
Examples of measures include:
1 Improving startup /shutdown procedures (i.e., changithe sequence of statip activities)
1 Optimizing procedures for operations and maintenance.
1 Implementing istallation specific flare strategies (including establishing methods/plans for undertaking
flaring during unplanned events/operational stoppages).

Companies quantified effects for 14 of the 93 measures. Estimates of total redsiatibieved through the 14
measures a 30 million Sriper year (equivalent to approximately 7% of total volumes flared in 200&pas not
possible to quantify the effectsf the remaining 79 measures during the course of this projEee reductions
reported in thesurveyshow that these measures contributed significantly to flare reduction over the last ten
years.

Operational measures - Personnel training:

Companies repded on 24 measures implemented to improve operational persorignding of normal and
irregular operational situations (including shutdown and irregularities in processes;ugigfiut-down of
processing facilities and operation of compressomd)ese neasures are largely tied to training and use of
simulators from shift personnel at ten installatigseven offshore and three onshor@uantitative impact from
one installationwas reported estimated at 600 tons gas/year per planned shutdown.

26 Forexample, power sharing between installations and fiellspecific example are Gullflaks and Snorre, where stoppage
in one place does not mean that the entire instalat must shut down. This provides opportunities for optimal turbine
operation in terms of energy demand, which leads to less flaring and reduced fuel gas consumption.
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5.1.2 Measures to reduce continuous flaring

Technical measures - Flare gas recovery:

During the last ten years, 18 measures related to recovery of flare gas were reportedsimrtieg(all offshore)
Eleven of these measures are tied to design choices of new installdfians gas recovery for these installations
are considered BAT.he seven remaining measures were implemented at older installations and cover, among
others, increased recycling from degassing of produced water, degassing ofglyg@mtration and a powaeunit.
The resulting flare reductions are estimated for three measures (Statfjord A Veslefrikk&arre B), totéihg
11.8 million Sr¥fyear. There are no estimates for flare reductions for the remaining four measatresder
installations

There wasalso a report of a measure taken in 2002 to install a system for flare gas recovery,weasiaiot a
success The measure proved technically unfeasible based on process condifities.measure washus
abandoneddue to lack of technology.

Changes in flare design - Measures related to pilot burners:

In total, companiesreported five measures related to pilot burnefBaree measures covered {Jmstallation of
pilot burners, while two related to changing pilot burners to reduced fuel consumption.

To ensurea stable flame, some installations periodically use substantial amounts of hydrocarboasgasge
gas) to keep the flame goinghree offshore installations have {)mstalled pilot burners to limit the amount of
gas needed to sustain the flame partiady in foul weathet. Using a pilot burner reduces the amount of
hydrocarbonpurge gas needed to sustain the flame. Two pilot burnedifrstallation measures reduced flaring
by an estimated 3.5 million Sigear (implemented in 2010 and 2011).

In 2010,a new pilot and electric ignition system was installed in connection with the replacement of all flare
burners on Balder FPOhe new pilot usgapproximately 1/1¢ of the fuel used by the least efficient pilot in
Norway, and uses approximately3™ of average reported fuel consumptioAn optimistic estimate therefore
suggests that this measure may have reduced flaringgpto 100 000 t&00000 Sm3 / year.

Changes in flare design - Reduced use of hydrocarbon gas as purge/ blanket gas:

Numerous new ingtllations chose to use nitrogen {Nas a purge gadVithin the last ten years, there has only
been one reported concrete measure in which hydrocarbon gas was replacediittatNolder installationThe
measure was implemented at a methanol factory gidbergoddenin 2012, and estimated to reduagas flaring
by 1 million SNlyear.

5.1.3 Summary

Companiedlaring gas in Norway reported more than 200 measures implemented to reduce flaring and related
emissions in the period 2002 to 20Ithe emphasis of thegaeasures were on flare reduction tied to individual
incidents or occurrences, both indirectly through various measures increasing regularity and directly through
improved procedures and training of operating personnébmpanies rarely quantify effects ofieasures
(reductions achievedRegardless, there is reason to conclude that the measures contributed to significant flare

27 For two of the installations the pilot burner was out of service or removed due t@siom.
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reductions during the last ten year€ompaniegrovided estimates for 26 of the 150 measures thagether
representagas flaringeduction of approximately 90 millionSkgear.

Prior to the tenyear period assessed in this study (during the 1990s) a number of measures were carried out to
reduce continuous flaring (including flare gas recovery at Gullflaks A and C, Oseberg A, Naidydr SO and

Troll C)During the period 2002 to 2012, many older installations reported completed reassessments of measures
to reduce remaining continuous flaringhis included measures for flare gas recovery and use of nitrogen as a
purge/blanketgasbut many were uneconomicabnly 14 reported measures were completed at older installations
during this periodThese measuralateto the flare system (for example, flare gas recovery, pilot burners or use
of purgeblanketgas).Based on the informatiosubmitted, estimated effects on the amount of gas flared are
approximately 1530 million SMyear. Technologies and flare desigwlutionsreducingcontinuousflaring are
consideredasBAT bycompaniesMost new installations have adopted it over the ldstcade BAT assessments

are presented irChapter6.4.

5.2 Status of flaring in 2011

In 2011, flaring in Norwatotalled 337 million Srhoffshore (938,000 tC£) and 203,000 tons onshore (396,000
tCQ). To gain an cerall understanding of the flaring situation at various plantsnpaniesvere asked as part of
GKS &adz2NBSe Ay atKFasS mé (2 SaidAayYlrdS (KISturieddutitd\dkac dzi A 2
relatively challenging exercise foompanesas causes of flaringre notnormally systematically evaluated and
reported ©eeChapter4). Companies, in most cases, had to manually review daily reports to identify causes of
flaring retrospectivelyMany companiespointed out that answers givewere partly based on a combination of
actual data, measurements and calculations, and partly qualified estimates. It was alsg thatesubmitted
estimates for 2011 were not representative of future flaring at theilities. The latter is natural as flaring varies
considerably from year to year.

Despite challenges associated with estimating a distribution of sources of flaring inc2ddganiessubmitted
estimates for 81 of 108 flares for which information egisthe results shown ifrigure 5 are for offshore
installationsand inFigure6 for facilities onshoreThe contribution fromhigh-pressurdlares (HP) antbw-pressure
flares (LP) is also illustrated for each soutce. NBf I G A @St & 1 NAS LINPLRNIAZ2Y 27
There is reason to believe that this is due to incomplete registration of flaring events and caéhess.flare
volumes should be allocatieto otherd 2 dzZNOS &> ¢ KA OK ¢ 2 dzf R presehtSdfingthisYepdRtA F &
AlthoughFigure5 and Figure6 show, at best, artial snapshot of the situation, wibh is not suitable for drawing
conclusions, they provide interesting indications of further opportunities to reduce flaRonggh estimates by
companiessuggest that approximately 80 percent of flaring could be attributed to unexpected/unplanned events
or occurrences (i.e., heoontinuous flaring)Approximately 3@ of flaring can be attributed to depressurization

for maintenance and stamip and shuidown of plans and compressorsContinuous flaring accounts for
approximately 20% and is related to a ilied number of sources (use of pilot gas and purge lgasket gas,
degassing of produced water systems and glycol regenerati@n)onshore plants, approximately 95 percent of
flaring isattributed to non-continuous sources and five percent from contimssources (pilot and purge gas).
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Figure5: Estimated distribution of flaring from offshore sources (207%)

28Based orestimates provided bifacilities' for the distribution of flaring of hydrocarbons(iafter deduction of nitrogen used
as purge gas). The proportioimsthe figure are basedn data related to a total flaring rate of 292 million S(for a total of
337 million Sriflared in 2011). Reported amounts of purge gas usingéte corrected by Carbon Limits as part of quality
control of the reported data
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Offshore installations had a relativérgepercentage of flare volumes in 2011 duetémporary uravailability of

the primary gas utilization optiofestimated at about 11%]Y.his was cited as a cause of flaring for 32 of 81 flares.
For most installations, this constituted a relatively small proportion of overall flaring volumes; the comparatively
large contribution (11%) was due to a small number of events resulting in significant volumes flared (and a high
percentage of annual flaring for respectiugstallationg. Three amshore facilities reportedhat a significant
proportion ofthe total volumes fhredwere due to temporary unavailability of the primary gas utilization option
Available techniques to reduce flaring and detailed assessments of potential measures are desdCinaptén

8.

Figure6: Estimates of volumes flare by onshore facilities by source (26G11)

YBasedorSAGAYFGSa LINRPDARSR o0& Tl OAfAGASaieTdtdideductdn orritddgeMA 6 dzi
used as purge gas). Percentages in the figure are based on data related to a total flaring rate of 144,000 tons (of a total o
202,000 tons of volume flared by onshore facilities in 2011) Reported amounts of purggiryzid were corrected by Carbon

Limits as part of quality control of reported data.
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6. &1 AOA 4AAETT 1T CEAOFY3UODOAI O

The flare system, together with the pressure relief system ®arncritical part of the security system at a
processing plant, and are designed to pretvescalation of accidents and dangerous situati@was flows through

the safety valve, pressure relief valves, control valves and manual drain valves are routed through the gas
collection headers to therfock-out drum and on to the flare stack where tlgas burns (or is emitted into the
atmospheregvented) when there ardimited quantities of gas)Theflare system islso designetb handle gas for

short time periods such as at starp and shutdown. Flare systems can be used for continuous handlibaxaf

or corrosive gases and other flammable gases that for various reasons are not considered attractive for productive
purposesFigure7 shows a schematic overview of a typical flare system where importaneptsmare introduced
Figure7: Schematic overview of a typical flare system
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The primary function of a flare is to ensure secure and effective handling of gas in accordance with relevant safety
requirements. As described @haper 3.3, the design of the flare system also affects noise and emissions.

An important part of this project was to prepare an overview of current flare technologies/systems appropriate in
the Norwegian context and assess theplivations of the use of these technologies on various emissions related

to flaring (NQ CH, nmVOC, CO, $and particulates).
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Up until 1940, it was common to vent gas into the atmosphAiethis practicevas replaced by gas flarintpere

arose a needor improvements in burner design, combustion systems and other equipnidns. led to the
establishment of industrial suppliers of flare technologibse to irregularities in operations and the need for
pressure release, flares typically operate overidearange of operating conditions; from maximal flare rates to
very low gas volumes consisting of only purge ddare technology vendorsave worked to develop new
technologies to flare gas in a safe manner, and doasoenvironmentallyfriendly as posdile. From an
environmental perspective, the main purpose, until recently, has been achieving high combustion efficiency and
smoke free operationMany technologies developed over the last 60 years achieveTtbday, however, there is
increasing focus oamissiongeductionof NG, SO and particulate matter.

The project team undertook interviews with siell-knownvendors of flare technologies (Argo Flares, Callidus,
John Zink, MRW, Tornado and Zeeco) as well as discussions with a number of intereapertal in this area.
Through these discussions, as well as a review of literature, test results and websites, relevant flare technologies
were cataloguedwith regard to design criteria, costs and performance in relation to emissidresproject team

als consideed general trends andifferent views on best available techniques for reducing emissions.

Norwegian companies that flagas provided dta on existing flare systemas part of the survey for this project.

This information was reviewednd andyzed.Chapter6 contains a summary of the data review and interviews,
concluding with an overall assessment of flare technologies applied in relation to Norway, including what is
considered as BAT.

6.1 Criteria use in selection of flare technologies

Each lare systemis selected and designed for a particular applicationisphocess requires that suppliers have
access to data on a sufficient level describing relevant operating conditiaekson et al (31) prepared an
overview d data initially sought from various vendo@f N3 ae&adsSvya NS OK2aSy | yR
technology needs/criteria and cost expectatioBgsign criteria can be categorized into five groups:

Technical criteria 30:

9 Design capacity (maximum flarate)

Flare rate

Flare gas composition

Gas pressure and temperature

Local climate (air temperature, humidity and wind)

Space and weight limitations

Access to electricity, steam, air, and so forth

Height (vith respect tofallout and groundevelconcentations)

=A =4 =4 4 -4 4 A

Safety criteria:

30 Specified in, among others, NORSOK stanBdrd0, ISO 23251 og ISO 25457
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Safe handling of gas (flaring is a part of the pressure relief system andtodadstion together with the

rest of the system to avoid system failure)

Safe ignition (to ensure gas ignites and does not accumulate, causing lasiexmr venting of large
amounts of unburnt hydrocarbons)

Heat radiation §esigns must operate within safety margins, for example hadiationon personnel and
the environment

Noise (design must operate within acceptable noise levels from a securgiyqudive)

Environmental criteria:

1

Emissions limits (established by the competent authoriys LISY RA Yy 3 2y GKS FI OAf Al
this may include varying requirements for combustion efficiency, destruction efficiency and limits for
different emissions.

Limits related to smokeAsemissions from open flaras A Y LJ- NI A Grdzh fladd adedifficul t& ¢ 0
measurethe environmental godbr flare operationshas historically beedefined qualitatively ag & Y2 { S
FTNBESé¢d C2N) SHBWAIE $XARKSE FTRINQSAFE I NAy3IY &GCfl NBa &K
grarofS SyraAaarzyar SEOSLII T2N) LISNA2Ra y2iG &2 SE
Noise. Noise levels of 130dBA are a security issue; in addition,mastebe tempered by consideration

of neighbairs and local communitiedNoise levels are an environmental problem, regulated under the
Pollution Act for onshore facilities, and must be taken into account in flare design.

Cost criteria:

Design choices havmplications for equipment, ingllation and maintenance costs.

1

=A =4 =4 4 -4 4

Type of flare€levated at ground level or closed).

CeLIS 2F FEINB GALI 6adziAf Aleé kLA LI&r-a3sistedstBygd. a2y A O
Support structure (selfupporing, rope or tower/crane).

Knock out drum

Purge gas system and equipment for reducing use of purge gas.

Ignition system (manual/automatic pilot, ballistic).

Measurement and control systems (for example for ignition and monitoring pilot burners).

Local environment criteria:

(Aspects that affect the local community. These are important elements taken into acemuitements ofthe
Pollution Control Act.)

1

1

Light (flares cailluminate the sky for miles depending on siz€pmplaitis cantrigger requirementsfor
stricter light minimisation measurescluding gas flaring reduction
Odours(can triggerrequirementy.

31 USA Code of Federal Regulations, Title 40: Protection of Environment, PART 63.11
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1 Appearance (someeighboursmight react to the sight of a naked flame even in daylight).
1 Noise levelgcan triggerequirements.

As part of the design process, llaof the above criteriashould be consideredA simple overview of various
technology optiongsillustrated inFigure8, (flare technologies/systems referred to in the figure are described in
the next chapte).

Figure 8: Simple overview of various flare technologies and design choices
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Flare systems are chosen based on technical and safety criteria, as well as relevant environmental
requirements/criterialn addition, cots are of crucial importance for selected solutioRer flare systems onshore,
considerations foneighboursalso affect the choice of design.

There is general agreement that high combustion efficiency (andignitOC, CO and particulate emissions) is
desirable as long as flaring occurs within design specificatibissherefore essential thahe variability in flaring
rates and gas compositida considered durinthe design phase and in selection of the flare design.

Figure9 illustrates actual variations in daily flaring volumes for a-firessure flare (LP flare) with pilot over a
three-year period. The flare has a design capacity of 5.2 milliofidayl Flaring rategypically are 1500-2000
SM/day (induding the pilot) and major flaring events measure at up to 70,00&/@&M. Figure10 shows daily
flaring volumes for a higpressure flare, where a significant proportion of the total flare gas amount is from
continuous sourcesdegassing of produced water).

Figure 9: Daily variations in flare rates, low  -pressure flare example
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Figure 10: Daily variations in flare rates, high  -pressure flare example
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Vendors prouwde a number of patented flare technologiéghese are described @hapter6.2. The Chapter also
contains a general overview of existing flare technologies.
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6.2 Existing flare technologies/systems

Most flaresin Norway are loated on offshore installations (§&reg. The installations are usually equipped with

a highpressure flare and a lowressure flareA number of installations also have a vent flarbere are various
types of flares installed by petroleum companies gadrochemical plants onshore §Xlares). Table 11 lists
available flare types currently used in Norw&endors of flare technologies consider these to be suitétte
Norwegian conditionsFollowing the table i presentation of applications, advantages and disadvantages of
different flare technologiesChapter6.3 provides an overview of flare technologies/systems used in Norway.
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Tablel1: Overview of existig flaretechnologies/systems in use and recommended by vendors for Norwegian conditions

General Combustion Smoke and
description of Estimated Efficiency (CE) Flame temperature particulate Suitable
flare type Flare design cost? (CH, nmVOC, CO) (NOY emissions(Bg Other benefits Other Conditions offshore
Flare tip with a Long lifespan Suitable for low rates,
. p 100 Reference case . : p. Yes
Non-assisted, | nozzle (pipe flare) Simple design low Mol Wt.
raised Flare tip with Increased CE Reduced smoke More complex design
. . Increased temperature . . Reduced heat .
LPflare multiple nozzle 150% compared with stack . relative to pipe e incremental Yes
., . compared with stack flarg radiation .
0 G Y-ife WA flare flares operation
Flare tip with Increased CE Increased temperature | Reduced smoke| Less sensitive to | Suitable for low Mol
multiple nozzle 120 compared with LP compared with LP pipe | relative to LP pipe  wind, lower heat Wt. Saturated Yes
(stack flare) pipe flares flares flares radiation hydrocarbons
Flare tip with Increased CE Increased temperature | Reduced smoke| Stiv/kort flamme | More complex design
multiple nozzle 150 compared med HP | compared with HP pipe relative to HP (vind), redusert incremental Yes
0 & Y-dzfh iR pipe flares flares pipe flares varmestréling operation
. Coanda flare ti Increased CE relativg Air turbulently mixes with| Reduced smoke | Bra for gas/aesle
Non-assisted, ) P . y mix g Small slots that can
raised (tulip shaped 200 to pipe flares due to | the gas flowleading to | for many types of| blandinger, lavere clog up Yes
HRflare nozzle) better mixing higher flame temperature| gas varmestraling
. Increased CE relativeg Air turbulently mixes with| Reduced smoke . .
Coanda flare tip . . . . Less sensitive to Shorter life
. . 300 to Coanda with lower| the gas flowleading to | with lower flaring . Yes
with variable slot . . wind expectancy
flaring rates higher flame temperature| rates
. . Significant High CAPEX, compleg
Flare with water Uncertain. Too much Reduced flame g . . g . P
L Reduced smoke reductions in operation, Increased Yes
injection water can reduce CE temperature o . .
radiation and noise maintenance
Steam assisted Better mixing Better mixing gives highe Reduced BC Steam
100¢ 130 increases CE 99 9 emissions, Use of steam/air can| often not
. flare local flame temperature. . . . . .
Assisted, . . especially heavier increase noise available
. . Steam assistance gives .
raised flare Poor CEvhen using lower NGcthen air gases and problems (high
Air assisted flare| 150¢ 200 | too much or too little . unsaturated frequency jet noise). | Not usual
. . assistance
assistance medium hydrocarbons
Ground leve| 300¢ 600 Very high CE for High local flame a{ Y 2ZFINS&S { Reduced noise and Requires large parcel No
Flares at multiple nozzles S variable rates temperatures all flaring rates heat, hidden of land
round level 300 Veryhigh CE can be| High temperature N Limited BC for all Not visible, low . .
e Enclosed flare ¢ yhig . g P O . Limited capacity Yes
1000 achieved can be controlled rates noise and heat

32 Relativecosts (pipe flare wereused as reference case) provided by technology providers during interviews in autumn 2012.
33 Depending on equipment specification (valves, control systems) related to incremental use ("staging")




High pressure flares:

Highpressure flares are generally flar@ith backpressure close 1 barG or high&rhich backpressure
Fff2g6a dzSpeedburiedThe/abivaritage of highressure flaressthat high gas velocity gives
good turbulent mixing of flare gas and ambient air, which provides good combustiatitions
Use of flare tips with multiple noles improves mixture of gas and dihis type of flare tip provides many
small jets instead of a large gas stream (with use of a pipe flare), which increases the stidawctct
between gas and aifFlares with multiple nozzles also give a shorter anél i A ¥ F SSNdit flafnésl Y S @
reduce heat load compared to pipe flares with the same cap@cipd in some cases, the reduction may
be up to 40%. Although shorter flames can provide high heat radiation from the flare, the total heat
output from the flameis less than for longer flam&sThe heat emitted from a smaller volume, will with
improved mixture of gas and air, reduce particulate formatilmetreased air intake also reduces local
flame temperaturesThese effects lead to an absolute reduction #ahload.The disadvantage of this
type of flare tip is increased costs associated with a more complex dé&sigmples of a flare tip with
multiple nozzles are:

9 John Zink Hydra Flare

1 Zeeco VariJet Flare

1 NAO multijet sonic flare

The Coanda flare tip isiather highpressure design providing improved mixture of gas and air than that

of pipe flaresCoanda flare tips have a unique design, comparable to a tulip (a tulip shaped N¥zdt).

gasexiststhe flare tip at high speed and follows the tulip shagedzNF I OS LINR RdzOAy 3 G KS ¢
Thegas adheres to a curved surface, creating a near vacuum that pulls in substantial amouitsTdfeair

Coanda flare tip typically provides sonic speedt of the gas It achievesgenerallygood combustion
efficiencyand is a good design choice for normal natural gas. This type of flare tip also works weH for gas

liguid mixtures with up to 75% liquitl The flare tips can be equipped widém adjustable gas ex#reas

0 a @I NR I 8.fTRe vasiable dlgtsdesign provides excellenenvironmental performance since it

achieves high gas velocity at variable flaring rates [@®y can therefore operate over a wide range of

flaring rates withousmokeand with efficient combustiof. Disadvantages of the Coanda flaigare the

cost and, to some extent, the complexity of usthg variable slots technologymoving partsy. Tulip

AKI ISR y211tSa OFy Fftaz2z 0SS dzaSRIRAY(IFI R NFdRbay FJA | 85 &

¥ KS GSNXY aaz2y A Effare gas reatting Soniksgegd (Kath1)iaKthe end of the flare tip.

35 John Zink HYDRA High Performance Sonic Flare Tip, http://www.johnzink.cawoignt/uploads/HYDRA

flare-tips.pdf

%1 wDh OnebsiteBhispdwww.argoflares.com/research/introductin/flare-types/

3T http://lwww.johnzink.com/products/flaresystems/products2/coandaflares/

38 John Zink Flare Product Guide carfduend at: www.johnzink.com/wgontent/uploads/productionflares.pdf

3 The size of the output sleautomatically adjust.

40 Bagd on Jackson, R.End{ YA G KX W®d5dQa LISNA 2 Y |dnd NAR Wheérdagdvartage$ ardly 6 A (0 K
disadvantages of Coanda flares were discussed.

41 Some providersioted that the lifetime for this type of flare tip is shorter than normal.
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include lowpressure pipén the desgn.Ay 2  KSNJ SEI YLIRRE y&T /12 ¥ Rdzf FX | NBE A
(sometimes referredtoaad | 24 523 ¢ALXE 0D

Water injection is a technique usezh high-pressure flare tips, particularly offshor@ater injection

reduces flame temperatures, which inrtureduces heat load (radiation from the flam®@ater injection

also reduces noise from the flar&D. Smith, a project emorker, experienced these phenomena testing

I at2aASAR2y ¢ FflNB (AL I G Thydilkcompasay, BRa@ried s€afwakey 3 T I O,
injection for a Coanda flare in 1987, and has documented a reduction in both heat radiation arfd noise

Water injection has also been used for other types of flare fipe. reduced flame temperature, achieved

through injection alsaeduces N@emissions from flaringThe increased complexity associated with

water injection results in higher investment costs and increased maintenance costs.

Low-pressure flares:

Lowpressureflares are flare that have a limitebackpressureand theefore do not have the same
potential for air-gasmixing ashighpressureflares. As withhigh-pressureflares, there are alternative
designs forlow-pressure flares to increase combustiefficiency of waste gas. Following is a short
summary:

To flare gasvith limited propensityto smoke the simplest design is a pipe flaW¥hile a relatively simple
design, fipe flares consists of more than just a pipeaddition to the flare pipe, the design must include
solutions to maintain a stable flam€&hepilot flamemust be able to withstand a crosswinés with high
pressure flares, multiple nozzlflare tips(instead of a single nozzlean be used to increase the gais
mixing

When additional mixing is necessary to achieve satisfactory combustion, an axteedium such as
steam, air or gagsan beused to assist in the combustion proce¥fie advantage odssistedflares is
improved combustion efficiency allBE RdzOSR SYAaaArz2ya oaavz2]StSaag 2L
referred toin relation to reduced missions)Disadvantages of assisted flares are costs associated with
the consumption of theassistancanedium and complexity of desigmssisted flares are rarely used
offshore due to their associated costmless they are required to meet environmentaiquirements
Assisted flares are common onshore.

Steam assisted flares:

Jets of steam are injected into the combustion zone to draw air into theTjeé air mixes with flare gas
and provides better combustion and reduced emissions.
Air assisted flares:

Low-pressure blowers are most comment wiike of air assistand@).Low-pressure blowers supply large
volumes of air at low pressure through (relatively) largepgie where the air mixes with flare gaair
pipe/nozzlesoften have a larger diameter thahe pipe that carries the flare gas up to the flarétifcven

42US Patent Nulver: 4,634,370David A. Chester, British Petroleum Company, Jan. 6, 1987

B Sefor examples S S @ipaGsisteckAF Series flareshtfp://www.zeeco.com/pdfs/AF.pdf John Zink Air assisted

Flaring Systemshttp://www.johnzink.com/wp-content/uploads/airassistedflaring.pdf 2 NJ Cf | NBX L-y Rdza (i N -
Flow AirAssistHares(SFVR)
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if this type of design is the most commahere arealso technical solutiswhere air premixes with flare

3Fra o0ST2NB O2Yo0dzaAalGA2Y OAnctherdiiare tyge Kpplyinghls Yrinépde wasys % CC
developed by Saudi Aramco, and is available utde® y I YS a1l t ! ! { ¢ 4t NB {KNZRdA
Ground level flares:

Ground level flares (i.e., flares that are rd¢vated can bean interesting optiorwhen sufficient land is
availablé®. Thisflare type is relatively large due to safety reasons.

The flare system can be designedth numerousflare G A LJA o6 aadl A3SRé0 Ay 2NRSN
combustion for very variable gas flow rateGround level flares are typically equipped wiktnce
surrounding the flare to protect the flame from cross winds amdsome casego control heat, noise and
flame visibility Placing the flare at ground level reduces costs associated with support structures, which
are necessary foelevatedflares.Disadvantage of this type of flarare that it requiresisolaion due to
safety considerations (heat radiation and noise) aeqguires larger surface of laraailable The limited
height of theflare can also cause environmental or health problems due to higherestration of
emissions.

Enclosed flares:

Enclosed flares are used to reduce heat load on equipment and personnel, and consists of an insulated
cylinder surrounded by wind protectioitheflare operates with burners placed in the bottom, where air

is suckedn through a ventThe cylinder is open at the top and can have air intakes on the sides, or when
abovethe ground, air intakes at the bottonThermal buoyancy enables air to be sucked in and provides
efficient mixing of air and flare ga€losed flaresra suitable for both higipressure andow-pressure
systems, but hee limitations with regard to flaring volume§his flare type is often used on FPSOs
(Floating production storage and offloadjrand onshore facilities.

Combustion in an enclosed flaegasier to control since the flame is not affected by ambient conditions

in the same way as an elevated flare (i.e., wifithe enclosed structure also provides thermal boundaries
that increase combustion efficientdyParticulate emissions (BC) aasoreduced.One of the advantages

of an enclosedlareis that the heat load on the environment (equipment and personnel) is redRiade

the flame is not visible, these flares are increasingly used in urban areas where visible, open flames are
undesirable.This type of flare also provides efficient wind protection and enables measurement of
emissionsThe disadvantage is that the flare type has limitationgeims offlaring rates andepresents
significant costs (se€ablell).

Flare systems offshore vs. onshore:

Offshore installations have the same technical requirements as onshore facilities, but have additional
space and weight limitations and limited access to utiliti¢se ofsteamassistedlares presipposeghat

http://www.flareindustries.com/products/elevted-flares/slotflow-assistedflares.php

44 HPAAS Flaréitp://www.zeeco.com/pdfs/HPAAS_Brochure_Web.pdf

4 This type of flare isor example used inAustralia fittp://www.zeeco.com/case tsidies/case_studies.php Saudi
Arabia fttp://wikimapia.org/23719823/largesgroundflare-in-saudiarabig and USA.

4 Theadiant heat reflected back into the flame

Page42 of 86


http://www.zeeco.com/case_studies/case_studies.php
http://wikimapia.org/23719823/largest-ground-flare-in-saudi-arabia

Assessment of flare strategies, techniques for reduction of flaring and associated emissions, emission (‘I
. o . ol
and mehods for determination of emissions from flaring Carbon Limits

steam is available. Wle air assistnceis possibleit is difficult to install due to space limitationSpace
limitations also present challenges related to placement of the flaremiich must be atsufficient
distance from equipment and personine order tomeet heat radiation and noise requirementSpecial
towers and flare boom$iave beendeveloped to address these offshore challendesdividual floating
flare devices tied to fixed installations or drilling rigs with the help of flexiblespliygere also been used.
The water injected higipressure flares discussed previously use a readily available fluid, water, to reduce
both radiation and noise and thus reduce the structural support requirements for the flawe. to
reduced heat radiationJohn Zink reported reductions in the length of flare booms by up to*7(%is

can sometimes lead to cost savings.

The logistics associated with installing, maintaining and replacing flares, are more challendicostly
offshorée!’. Often this will lead an operator to be more conservative in their approach to flare design,
choosing a system with longer lifetime over a system that may perform better in other(eaysptimal
combustion efficiency and low ensisns) Some operators prefer to avoid using flare design with variable
geometry (variable slot arep offshore based on expence with increased failure and maintenance
associated with moving parts. Although noise may affect the health of birds andnpeisalesign
requirements related to noise offshore are mainly associated with safety requirements.

Pilot burners and ignition systems:

Ignition systems for flares traditionally contain pilot burndvkany differenttypes of pilot systemshave

been used omas flare The plot flameistypically a premixedstabilizedflame with various sizes to keep

the flare light, even under extreme conditio®Pt and IS®@ standards (AP1537/1SO2548#equire that

the flames remain lit with wind speeds up to 100mph (48nn dry weather and 85mph (38 m/2) with
precipitation of 55mm/hourPilot lights must alsceleasesufficient heat (flame) to ignite the flare ¢as

There are many factors taken into account in the design of a pilot burner, including gas composition and
pressure, output speed of the flare gas (an interval) and design of the flafiehtpe has been continuous
development of pilot designs, primarily with a desire to improve stability under difficult weather
conditions and for extending lifetimes (3#lot burners typically have a lifetime of approximately seven
years, but catastup to 30 years.

Historicallya flame front generator ignites pilot lightBlame front generators consist of a thin pipe (less
than 2.5 cm in diameter) that contains a gdsfaixture.2 KSy (G KS YAE(GdzZNBE A3IyArAiGSasz |
travels through the pipe to the pilot burner were the pilot flame ignit€ke pipe can be over 1500 meters
long.

An alternative ignition system uses a guide tube, sending a pellet to tteetiita At the end of the tube

(the guide tube can be up to 2,000 meters long) the pellet explodes, producing a cloud of sparks, igniting
the flare. The system is called a ballistic ignition systdine advantage of the system is that it can
eliminate theneed for a pilot burner, thereby reducing emissions associated with fuel gas consumption

4T Theee is also information about several critical safety events and loss of life associated with the replacement of
flare tips in the North Sea (by helicopter

48 Referred to in the NORSOKI@L, cf. Instructions to § 10 of the Facilities Regulations.

4 Recommended standard minimum is 45,000 BTU/hour for the majority of flares.
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of traditional pilot burnersDisadvantages are primarily related to the logistics related to the supply of
pellets and higher costdlany offshore installations usdis system.

Equipment for reducing use of purge gas:

Low flare rates can cause air to penetrate into the flare system and lead to internal combustion in the
flare tip, and in the worst case farther down in the flare syst&mprevent this, flare tips witkariable
slots and/or purge gaareused. Systems with variable slots, such as Coanda flare tips with variable slots
2N %S5S02Q4a I NAWSGHZ tt2g FEFINBa G2 2LISNIGS STFSO
or eliminate the need for wsof purge gas.
Purge gas can either be areihgas such as nitrogen or a flammable hydrocarbon |das.of nitrogen as
a purge gas is limited bje ignition conditions2 NJ a Ff | YYIF 0Af AG& f AYDuedé Ay G
this, flammable gases ardten used, sometimes in combination with inert gasiéshe composition of
the purge and flare gases fall below the lower ignition limit, combustion becomes less efficient and can,
in the worst case, lead to venting of unburned hydrocarbbise of hydroarbon gas for purging increases
costs compared with nitrogen, and may result in increased emissions (with the reservation mentioned
above). Several offshore installations use hydrocarbon gas @sirge gas, but nitrogen is the most
commony used. For onshoe facilitates the situation is reversedihe majority of facilities use
hydrocarbon gas as purge gas.
There are two main types of equipment used for reducing the need for purge gas:
1 Velocity seals: a velocity seal is placed in a flare pige desiged for the air stream entering a
flare tipto turn 180 degrees andxit the flare tip along with the reduced amount of purge Yas
1 Molecular seals: a molecular seal utilizes t80-degreebends to form a zone in which the purge
gas is trappedThe diffaence in density between the purge gas and air prevents furtier
penetration.If purge gadlow isinterrupted for a short time, the only possibility of air ingress is
diffusion, which is a relatively slow process.

A molecular seal is substantiallydar and more expensive than a velocity séxh the otherhand, a
molecular seal is more effective at preventing ingress of air and reduces the need for purgengas.
analysis of costisom a life cycle perspective, will determine which solution is mosthemical. There are
reports of use of velocity seals in Norwéyere are no reports related to use of molecular seals.
Knockout Drums :

There are three basic types of knockalntims used in flare systems
9 Vertical settling drums
1 Horizontal settling drums
1 Cyclone separators.

Both the vertical and horizontal knockout drums remove liquid droplets in a similar mechanism. The flow
of gasliquid mixture expands into to the drum csing the flow velocity to slowwith proper desig,

50 Tornado Technologies, Ineebsitehttp://www.tornadotech.com/products/combustion/flares/purgegas.html
1 YSNA OF y t S NBf SB2Ycontajisigilidaticézior3i€sin of ligdiepavators
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the velocity slows sufficidly so that with the proper residence time the liquid droplets separate from the
gas due to gravity and the differencedansity of the liquid and ga¥he liquid falls to the liquid reservoir

of the tank (horizontal knockout drums often maintain a ligiedel sucltthat the tank is about %2 fu(R))

while the gase®xit and proceed to the flarélhis basic design has remaingdchanged from several
decadesKnockout drums successfully remove most of the liquid, but are not as efficient at removing
small doplets as cyclone separatoSyclone separators use a similar mechanismaigulate cyclone
separators.The liquidgas mixture is forced to proceed through aand path, similar to a cyclon®ue

to the higher density of the liquid it is not able tiorn as rapidly as the gaseaussing a separation of the
two. Knockout drums will allow some small droplets of liquid to exit the system and proceed to the flare
where they can formlarger droplets at the flareKnockout drums are typically designed to m@m
droplets of 300 um or largewhile cyclones usually remove grets greater than about 20 uif2).

Control systems for flares:

Satisfactory operation of flares requires a variety of control systéi@sntrol systems are necessary for,
among other thing, ignition and monitoring of pilot burners, and to ensure that the flare pilot(s) remain
lit. Itis also important to control fluid levels in the separatérsr assisted flares, use of assistance medium
must also be controlledJse of water injection regjres monitoring that the flare burns satisfactorily, i.e.,
is smokelessMonitoring of flaring rates andas heating valumayalsobe required.Some flares (closed
flares) measure oxygen ensure adequate supply of air for combustion. Stadgakeé aredependent on
control systems tananagethe number of nozzles in use dependingtbe gas flow Purge gas systems
must be checked to ensure safe operation to, among other things, prevent ingressuwodlairsuring that

the mixture of flare gas and purgeg above the flammability linsit

Measurement and control of the flame is importantensure that the flame remains i to ensure that

the flare gases burn. Due to location of the flame position, it is often challenging to check whether it is lit.
Hames result in heat, ionization of gases, soand light which can be used for the monitoring

1 Thermocouples are widely used to measure heat dissipation, and require balance between
achievingquickresponse and avoiding early burnolftthey are placedoo near the flame, the
probes may quickly burn upConversely, if the probes are placed farther away or behind
protective materials, the response time becomes londgurning of probes can imany cases
lead to closure of the faciliyandthus should bevoided Benefits of thermocouples are that they
are widely used and relatively affordable.

1 Probes have also been designed to measure ionization of gases caused by flarexffame (
ionization detection probed. This technique requires placement of tymbes in the flame, and
is not widely used for flares.

9 Optical sensors can measure wavelengths from infrared to ultraviolet. Ultraviolet sensors, which
are widely used for boilers, have also been used for closed flElest optical sensors used to
deted the pilot flame, employ one or more bands in the infrared region (2). The disadvantage of
optical sensors are that they cannot always distinguish between the pilot and flare flame, and

20§83 Y2y 3 Avelp&adE/wiwbz8e0@cond/flares/flares_fcs.php
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measurements can be disturbed by weather conditions (rain, fog, sapmpvement in the top
of the flare/flare tip.

1 Probes utilizing the acoustic properties of the flare have also been designed (35). These probes
have no problems in relation to burnout, and can distinguish the pilot flame from other sources
of soundincludng weather conditions.

Control of steam injection can be either automatic or manual. Some flares continue to use manual vents
that open and close by an operator who observes the flame. This can be partly automated by using vents
controlled from a controtoom, usinga camera to observthe flame. In both cases, an operator adjusts

the steam supply based on a visual assessment of the Taie type of controller is often associated with
excessive steam injectioridver-steaming), especially at low flang rates. To avoid oveteaming,

optical sensorgan beused to automatically control steam injection rates.
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6.3 Flare technologies used in Norway
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Carbon Limits

Information on flare technologies used in Norway was gathered througkuheeyof this project Of the
108 faressurveyedincluding four flares that are undeonstructionin facilities not yet in operatiorgnly

two areat ground level, while two enclosed flares are installed on Skarv FPSO (HP and LP flare towers as

back up).The remaining flares are raiseahd are divided into higpressure flares, lowpressure flares,

vent flares and other flares with specific applications (including maintenance flares, tank flares assd an H

flare). Table12 provides an overview dfare technologies applied in Norway.
Table12: Overview of flare technologies in use in Nor#fay

Total# | TYPe L | Type2: | Type3: | Typea: | Div.HP: Tg’e Type 7: | Type8: | Typeo: Tl%)_e Div. LP:
Flare design: 122 16 7 4 4 29 4 9 7k 4 6 18
Gas 60 HP
pressure: 62 LP 60 HP 62 LP
(HP/LP)
Closed: 42 YES 8 YES 4 YES
(YES/NO) 62 NO YES NO 15 NO YES NO 14 NO
Pilot flame: 61 YES 16 YES 9 YES
(YESINO) | 3ono | MO YES sno | YES| NO YES Ve
Purge Gas: 64 N2 10 N2 9 N2
(N2/HC) 36 HC N2 N2 HC HC 11 HC N2 N2 N2 HC HC 7He
Velocity: 40 HIGH 7 HIGH 5 HIGH
(DESIGN) 39 LOW HIGH HIGH HIGH LOW 7 LOW HIGH LOW LOW LOW LOW 7 LOW
Assisted: 11 YES 5YES 2 YES
(YESINO) 82 NO NO NO NO NO 13N0 NO NO NO YES NO 13N0
Ignition: 44 AUT | 13AUT | 1AUT 1AUT 1 AUT uaut |’ ';UT 2 AUT 1AUT 0 AUT 1AUT | 5AUT
(AUT/MAN) | 49MAN | 3MAN | 5MAN | 2MAN | 3MAN 10 MAN VAN | 2MAN | 4MAN | 4MAN | 4MAN | 9MAN
# Nozzles: 632F;IPE 10PIPE| 4PIPE | 3PIPE | 3PIPE wpPe | ° Z'PE spPE | sPipE | apipE | 6PIPE | O TPE
(PIPE/MULTI) i3y | SMULTIHE 3MULTH 1MULTI| 1MULTIH| 9MULTE |5 o] IMULTI| 1 MULTI | OMULTE OMULTH o
Diameter: 1.32- 5.6- 5.1- 15.2- 28.8- 1.32¢ 15.0- 35.6- 5.1- 61.0- 15.2- 3.2-
(cm/nozzle) 122.0 81.0 90.0 65.0 81.4 122.0 61.0 50.8 50.8 122.0 121.9 40.6
HVgas: 12.5- 39.4- 41.3- 40.1- 36.7- 45.4- 47.7- 38.2- 12.5- 31.6-
(MJ/Snd) 85.3 54.6 45.1 57.3 375 27.7-52.0 83.3 74.9 48.1 38.9 64.1 85.2
Age: 1978¢ 1988- 1999- 1992- 1982- 1979¢ 1999- | 2007- 1986- 2004- 1982- 1978¢
(design) 2012 2012 2012 1996 2003 2012 2012 2008 2011 2010 2010 2012
Number:

52k 6 3 0 0 13k 5 3 4 1 1 3

(last 5 years)

Application of technologsrelated to the main typesfdlares, described i€hapter6.2, are summarized

below.

High pressure flares (HP -flares):

53 Various design parameters are used to clastafesinto flare types with identical characteristiogithin these
areas.The types where there is the greatesimber of flares are presented as "Type X" in the table.
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Technical dscriptions for 43 higipressure flaresvere availablefor the study Of the 43 HP flare80have

a single nozzldlare tip (pipe flare); four are onshore and 26 offsho@nly two of the 43 flares have a
Coanda flare tip with variable slot opening, one onshore and one offshore (Oseberg A and Tjeldbergodden
(terminalflares). Multi-nozzle tips that provide better mixing wittir are used for 19 of 43 flares, of which

15 are offshore and 4 onshore. Five of the Righssure flares are assistedng offshore andfour
onshore),two of which are aiassisted andhree steamassisted. There is an assisted higipressure

flare dfshore (Balder FPU).

Low pressure flares (LP-flares):

Technical descriptions f@6 low-pressure flares were available for the stu@ne flare inclosed (Skarv
FPSO), whilsevenof the 36 use multinozzle tips (four offshore and thremnshorg. Goliah (not yet
operational) is the only offshore installation with mutidzzle tip with variable slot openingBhere are
four flares that use assistance, two of which areasisisted, one is steawassisted and one is assisted by
incorporation of higkpressue gas. There is an assisted lowpressure flare offshore (Balder FPU).
Vent flares:

There are in total seven vent flares in Norywagscriptions are available for only two of the8ath flares
are raised pipdlares.
Other flares with specific applic ations:

Of the 12 flares with specific applications (includimgintenance flares, tank flares and apSHilare),
information is available for five flares, three onshore and two offshore. Three of five flares are installed
with Coanda flare tips, one of vdh is located at ground level (at Kollsnes). Two of the onshore Hages
steamassisted (at Karstg)

Pilot burners and ignition systems:

Sixtyone of 100 flares, for which there is information, use pilot burners to keep the flares lit; 43 are
offshore and 18 are onshore. As can be seerrigure5 pilot gas represerstapproximately 3.4% of the
volume flared offshore in 2011, while the corresponding estimate for onshore facilities was 1.4%. Fuel
pilot burners vanpetween 0.3 and 40 Si, of which 17 of the 61 pilot burners have automatic ignition
systems activated if the pilot flame blewut. It was stated that 33 flarsystem®perate withoutnormally

lit flares (nlit flareg), and these are equipped with batiic ignition system. All installations without lit
flares are located offshore, with the exception of the facility at Nyhamna (Ormen Lange).

Purge gas:

Information was provided on the type of purge gas used for 100 fl@kthese, 64 employ nitrogen as
the purge gas, while the remaining use hydrocarbon §aseral respondent® the surveypointed out
that hydrocarbon gas helps keep flaté in addition tg or in substitution ofany pilot flame Twenty-six
flaresemploy equipment to reduce use of @e& gas (two onshore and 24 offshor8)l installations that
have flare gas recovery analit flaresuses Npurge gas, while 22 out of 58 installations that do not have
unlit flares use kas the purge gas.

Figure11 shows a more detailed overview 6f2 R lteéh@ddogy status baseoh startup dates to which
the installations are tied.
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Figurell: Application of various technologies offshore based on systm-up (years)
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