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CnyTHUKOBLIN MOHUTOPWHI yTeYek Ha 06bekTax
HedTerazoBov MHMPPACTPYKTYPbI B paMKax Noaaep>KKiu

nHnumnatTne ICY (ESG)

Monitoring Leaks at Oil and Gas Facilities Using
Satellites in Support of ESG Initiatives

BeeneHue

AHrnumnckas abbpesunatypa ESG (BCY — akonorus,
COLMYM (NN coLranbHOE pasBuTre), (KopnopaTuBHOE)
ynpaBneHne, OT aHrNIMNCKUX COCTaBASOLLIMX
«environment», «society», «governance») ctana
OBOLLEN3BECTHBIM TEPMUHOM, MPUHSATLIM Ha PbIHKaX
KanuTasioB A1 ONpeaeeHnst TOro, HAaCKOJIbKO
NPOABUHYTbIE KOMMAAHWN MPUOEPXXMBAOTCS NONUTUKN
coupanbHOM 1 3KOMOMMYECKOM OTBETCTBEHHOCTY

B CBOEW OedATeNnbHOCTU. I3BECTHO, YTO KOMMaH1N,
KOTOPbIM He YAaeTcs ynpaBAaTb CoLmaibHO-
9KOJIOTNHECKUMIN prCKaMK, T.H. puckamm ICY, Kak
nokasbIBaeT NpakTunka, JeMOHCTpUpoBann 6onee
BbICOKYIO CTOMMOCTb MPUBEYEHVS KanuTana,
YCUNEHHYIO BONATUNBHOCTb, W BeaeHWe ByxranTepckoro
y4yeTa C HapyLUeHVEM npaBui/l.
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Introduction

The number of investment funds that incorporate
Environmental, Social, and Governance (ESG) factors
has been growing rapidly in the last twenty years. The
ESG factors are a subset of non-financial performance
indicators that include ethical, sustainable, and corporate
governance issues. ESG is now a generic term used

in capital markets to determine how far advanced
companies are with sustainability efforts. It is now known
that companies that fail to manage ESG risks have
historically experienced higher costs of capital, increased
volatility, and accounting irregularities.

Russia signed the Paris Agreement in December 2015

and ratified it in October 2019. On April 21, 2021,
Russia’s president set a 30-year goal to have lower
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Poccua nognrcana lNapukckoe cornallerne B gekabpe
2015 ropa, v patuduumpoBana ero B oktso6pe 2019
roga. 21 anpensa 2021 roga, POCCUNCKNN NPE3UOEHT
nopy4nn NpaBuUTeENbCTRY, B TeueHre 30 NeT, 4obUTbes
B0os1e€ HU3KOrO YPOBHSA SMUCCUM MapHKOBBIX ra30B

Mo CpaBHEHWMIO CO CTpaHaMmm EBponencKoro corsa.
SMUCCUSA NAPHNKOBBLIX ra30B B Poccun coctaBnseT
NPYMEPHO MOJTOBUHY YPOBHS 3MUCCUN BCEX 27 CTpaH
EBpocoto3a, 4To cTaBuUT Poccuio Ha YeTBepPTOE MECTO B
MUpe cpeamn CTpaH C MakCMasibHbIM YPOBHEM 3MUCCUM
napHVKOBbLIX ra3os (Reuters 2021).

He Tak paBHO poccumckuii LieHTpasnbHbIn 6aHK
NPEAIOXKNT OTEHECTBEHHBIM KOMMAHVSIM PacKpbiBaTb
B rOJ0BOW OTYETHOCTU MJlaHbl CBOVIX MEPOMPUATUN
no 3CY, 1 3asBu1, YTO OLIEHKA PUCKOB, CBA3AHHbIX C
OCY, aBNAETCS UCKTIOUUTENBHO BaXKHOM, MOCKObKY
CYLLECTBYET BbICOKasi BEPOSATHOCTb TOr0O, YTO OHW

CO BPEMEHEM TPAHCHOPMUPYKOTCA B PUHAHCOBbIE
puckn (Reuters 2021). Poccninckuin perynarop Takke
HamepeH BbIMyCKaTb T.H. FOCY4apPCTBEHHbIE «3efIeHble»
obnunraumn. PbIHOK 3e1eHOro hnHaHCUPOBaHKS
BO3HVK B Poccum B 2018 r. TepMUH «3e1eHoe
dmHaHCcUpoBaHWe» Noapas3yMeBaeT NpeaocTaBieHne
KPEeAUTOB, B BUAE OOMraLuii, C LEIbIO YBENHEHNS
3P HEKTMBHOCTY NCMONB30BaHNSA PECYPCOB

N COKpAaLLIEHNS HEraTMBHOIrO BO3AENCTBIS Ha
OKpY>XaroLLyto cpeny 1 rnobansbHbin kavmat (Dubrova,
et al. 2021). [Ing Toro, 4Tobbl MHCTPYMEHT (PMHAHCOBOIO
PbIHKa CYUTaICH “3eMeHbIM», KOMMaHUs [O/HKHA

ObITb NPU3HaHa OBLLIECTBOM, 1 COOTBETCTBOBATb
onpeaeneHHbIM KpUTEPUSIM Bblaaum Takoro
cepTudukaTta. MNprHUMNbI 3TUX KPUTEPUEB XOPOLLIO
COrnacytTCs C OCHOBHbIMKM ycTaHoBKamu OCY.

CornacHo babkuHy 1 op., Poccus oo cux nop oTcTaeT
OT rnobanbHoro TpeHga 3CY, a MHHOPMUPOBAHHOCTb
0 NMoHATKAX SCY ocTaeTcs YpesBblHaiHO HNBKOM
(Babkin, et al. 2021). dy6posa, 1 Ap., yTBEPXAAET,
4yTo Poccus ctouT nepen npobnemon gemumrta
[OCTaTOYHOrO KOMIMYECTBA OpraHn3aLmm,

3aHATbIX B cdhepe coLpanbHO-OTBETCTBEHHOIO
NHBECTUPOBaHNS, YTO 3aTPyOHSET pa3paboTky
peLleHu rnobanbHbix Npobnem (Dubrova, et al.
2021). HepaBHee nccnegoBaHme NoHoMapeHKo, n
Op., MOKasbIBaET, YTO OLEHKa YCTONYMBOrO 9KOI0r0-
COLMaIbHO-3KOHOMWNYECKOrO PasBUTUS, B paMKax
OTBETCTBEHHOCTU BraHeca nepen, 0OLLECTBOM,
3aTpygHUTENBHA B CUJTY OTCYTCTBUSI KOHCEHCYCa MEXay
METOO0NOMVAMA, 1 AaXKe onpeaeneHVsIMN Kto4eBblX
TEPMUHOB, UMEIOLLMMU OTHOLLIEHNE K MPeaMETY
(Ponomarenko, et al. 2021) PaboTta NoHOMapeHKo
npennaraeT OLEeHKY KOpnopaTyBHOM CoLpalibHO-
3KOJIOMMYECKOW OTBETCTBEHHOCTU HE)TEra3oBoro
CeKTopa NOCPEACTBOM UCMONb30BaHNS COoLMaIbHO-
9KOTOMMYECKMX MHONKATOPOB. Pa3spaboTaHHas
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accumulated net greenhouse gas emissions than in the
European Union. Russia’s greenhouse gas emissions are
roughly half of the total 27 European Union countries,
placing Russia as the world’s fourth largest greenhouse
gas emitter (Reuters 2021).

Recently, Russia’s central bank has recommended
domestic companies to disclose their ESG agendas

in their annual reports and stated that it is essential to
evaluate ESG-related risks, as there is a high probability
they may transform into financial risks over time (Reuters
2021). The Russian institution is also considering issuing
state green bonds. In Russia, the green finance market
emerged in 2018. Green financing means providing
finance, in the form of bonds, while enhancing the
resource efficiency and reducing the impact on the
environment and the global climate (Dubrova, et al.
2021). In order for a financial security to be considered
“green”, a company needs to be recognized by the
public and meet specific certification criteria. The
principles for these criteria are well aligned with the ESG
precepts.

According to Babkin et al., Russia is still lagging the
global ESG trend and the awareness about ESG is
extremely low (Babkin, et al. 2021). Dubrova, et al.,
states that Russia faces the problem of the lack of
numerous organizations in the field of responsible
investment, slowing the development of solutions to
global problems (Dubrova, et al. 2021). A recent study
by Ponomarenko et al., states that the assessment of
sustainable development (SD), under the umbrella of
corporate social responsibility (CSR), is difficult due to
the lack of consensus within the existing methodologies
and even definitions of key terms associated with the
subject (Ponomarenko, et al. 2021). Ponomarenko’s
study proposes a methodology for assessing corporate
sustainability of oil and gas (O&G) by using social and
environmental indicators. The developed methodology
incorporated ESG indicators due to the significant impact
that O&G companies have on the environment.

There is no doubt that in today’s emerging reality, ESG
is important to the O&G industry, since governments,
investors, and individuals are increasingly focused

on issues pertaining to climate change, workforce
conditions, and corporate governance. The increasing
pressure to protect the environment should be at the
forefront of the business decisions made by O&G
companies. The issue of climate change and global
warming is currently seen by the public as one of the
greatest threats to humankind. Due to this, methane
emissions have taken greater notoriety in recent years,
and the O&G sector has been identified and targeted by
the public and governments due to methane’s inherent
presence in the production, transportation, storage,
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MeToOMKa BKtOYaeT B cebs nHankaTopbl OCY,
MOCKObKY HeTerasoBble KOMMNaHUM OKa3biBaOT
3HAYUTENIBHOE BIIUSIHNE HA OKPY>KAKOLLYIO cpesy.

Bes comMHeHns, B Hallen CTpeMnTeIbHO
pasBuBatoLLENCS peanbHOCTU hakTopbl OCY BaXKHbI
05t HedpTerazoBoW MPOMbILLNIEHHOCTN, MOCKObKY
rOCyOapCTBEHHblE OpraHbl, HBECTOPbI U MPOCTO
rpaxxgaHe obpallatoT Bce 60Jbliee BHMaHNe Ha
Npo61EMbI, CBA3AHHbIE C U3BMEHEHWEM KMaTa,
yCnoBusMU paboTbl, U KOPMOPaTVBHBLIM YNpaB/IEHNEM.
YceunmearoLmecs TpeboBaHNS 3alTUTb OKPY>KaKOLLYIO
cpedy OOJKHbI CTaTb BO M1aBy yria npu NPUHATAN
peLLeHnn B braHece HeddTera3oBbiX KOMMAHWIA.
[Mpobnema nsmeHeHUs knmara 1 rnobanbHoro
NOTEMN/IEHUS B HACTOSILLIEE BPEMST pacCMaTprBaeTCs
06LLECTBOM B KQYECTBE OHOM U3 LEHTPaSTbHbIX

yrpo3 4enoBe4ecTBy. B aTOM CBA3M, BbIGPOCHI MeTaHa
NPUHAIM B NOCeAHee Bpems Bce 6onee yapydaroLLmin
XapakTep, a HedhTerazoBbI CEKTOP Monast No4 NpULEen
KPUTUKM OBLLECTBEHHOCTI 1 FOCYAAPCTBEHHbIX OPraHoB,
Mo MPWYMHE HEMOCPEACTBEHHOIO NPUCYTCTBUSA MeTaHa
B nMpoueccax fobbluM, TPaHCMOPTUPOBKM, XPaHEHNS,

1 pacnpeneneHys. NMoaTomy, BbigBIEHNE haKTOB
BbIOpOCa MeTaHa B pe3ysibTaTe 3TUX MPOLECCOB, N ero
MUHUMM3aLMS, ByOyT UMETb NOSIOXUTENBHOE BAMSHME
Ha 9KONorMio, OBLLECTBO U OpraHbl FOCYAapPCTBEHHOIO
yApaB/EHMS, a TaKXKe Ha penyTaumio 1 SKOHOMUKY
He@TerasoBoro cekropa.

3HaueHune bykBbl “O» B ACY pnsa
HedoTerasoBbIX KOMMaHUN

VHTerpaups taxktopoB SCY 9BASETCS KIHOYHOM A5
YCTONYMBOrO BefeHus B13Heca. SKoJormyeckas
COCTaB/IstoLIasa paccMaTpmBaeT BO3AENCTBIME, KOTOPOE
KOMMaH1st OKasbIBaeT Ha OKPY>KatoLLyto cpeay. Ctoaa
OTHOCUTCS OL|EHKA BO3OENCTBNS OTXO[4,0B KOMMaHUN
Ha cpefny, BKag, KOMNaHW1 B UCTOLLEHME NPUPOAHBIX
PEeCYpPCOB, Bblpybka 1eCOB U AEPEBLEB, U3MEHEHNE
KmMmaTa, 1 BbiIOpOChl MAaPHNKOBLIX ra3oB. [ocnegHne
OBa hakTopa NPeacTaBIAoT OCOObIN UHTEPEC ANS
[AaHHOW cTaTbu.

B koHTekcTe SCY, ObIN0 OTMEYEHO, YTO MHONKATOPI
3KOJIOMMYECKOW COCTaBNAOLLEN, TaKne Kak
BoAonoTpebneHne, NPON3BOACTBO OTXOA0B, YaAeSlbHOe
noTpebeHne 3HePropecypPcoB, U AMUCCHKS MaPHUKOBbIX
rasoB, 0bpenn TpeHa Ha MUHUMK3auuo. dpyrie
NHOVKATOPbI, TakMe Kak, MHBECTULN B 3aLLnTy
OKpY>KatoLLIen cpeabl 1 HebTerasoBbix 3anacos,
[OMKHbI UMETb NMPUOPUTET MakcUMU3aLIMN.

APryMeHTbI B M0/Ib3Y CHUXXEHUS BbIBPOCOB MeTaHa
CokpallieHne BbI6POCOB MeTaHa B He(hTErazoBom
CeKTope ABNAeTCs peHTabebHbIM CroCOGOM
YMEHbLLUNTL MPUCYTCTBME MaPHNKOBbIX ra30B, TeM
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and distribution processes. Therefore, identifying and
minimizing methane emissions from these processes will
have a positive impact within the environment, public,
governments, and in the O&G sector’s reputation and
economies.

The E in ESG for O&G Companies

The integration of ESG factors is key in sustainable
performance. The Environmental component looks at
the analysis of the environmental footprint of a company.
This includes assessments on waste, resource depletion,
deforestation, climate change, and greenhouse
emissions. The latter two are of special interest for this
article.

Within the ESG framework, it is observed that indicators
in the Environmental component, such as water
consumption, waste production, energy consumption
per unit, and GHG emissions, must achieved a
minimization trend. Other indicators such as investment
in environmental protection and O&G reserves must have
a maximization priority.

The case for reduction of methane emissions

The reduction of methane emissions in O&G sector
serves as a cost-effective method to decrease
greenhouse gases (GHGs) while increasing energy
security, enhancing economic growth, and improving
air quality. It has been estimated that anthropogenic
methane emissions contribute to about one-third of
today’s GHG warming (Stocker, et al. 2013).

Due to methane high global warming potential (GWP)
and short residence time in the atmosphere when
compared to carbon dioxide (CO,), a reduction in
methane emissions can efficiently have an impact in the
shorter-term warming rate (Shoemaker, et al. 2013).

In the O&G sector, methane is mostly emitted during
the production and transport of natural gas (United
States Environmental Protection Agency 2019). A study
performed in the Permian basin, United States, from
September through November 2019, showed that

50 percent of detected emissions resulted from O&G
production, while only 12 percent was attributable to
processing, and 38 percent to gathering and boosting
operations (Cusworth, et al. 2021). Therefore, identifying,
capturing, and reducing emissions in these processes
will contribute to a reduction of GHG emissions, hence
supporting climate change mitigation efforts while
increasing energy efficiency and supply.

Monitoring Methane from Space

The first artificial satellite, Sputnik, was placed into space
on October 4, 1957. Since then, the use of satellites

has expanded to monitor the earth, including weather
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CcaMbIM YKPENas aHeprobe30nacHOCTb, CTUMYINPYS

9KOHOMUYECKII POCT, 1 yNy4yllas kKa4eCTBO BO3ayXxa.

[0 OLEeHKaM CneLmanncToB, aHTPOMOrEeHHas SMNUCCUS
MEeTaHa MoYTK Ha TPETb CMNOCOOCTBYET CEroaHSALLHEMY
NoTenIEHNIO, CBA3aHHOMY C MapHUKOBBIM 3(DHEKTOM

(Stocker, et al. 2013).

B cBa3K C BbICOKMM MOTEHUMANIOM BO3OENCTBMS MeTaHa
Ha rnobanbHOE NOTENEHNE N HEMPOOOIKNTENBHOE
BPEMS €ro NPUCYTCTBMSA B atMocdepe, eciv
CpaBHMBaTbL €ro C yrnekucsibiM rasom (CO,),
COKpalLLEeHVE BbIBPOCOB MeTaHa MOXET B BavpKanLen
NepCNeKTBE CYLLECTBEHHO MOBNUATL HA YPOBEHb 1
TeMnbl NoTenneHns (Shoemaker, et al. 2013).

B HedhTerazoBom cekTope, MeTaH BblbpachiBaeTcs, B
OCHOBHOM, B MpoLecce Ao0blHM 1 TPAHCMOPTUPOBKM
npupoaHoro rasa (United States Environmental
Protection Agency 2019). ViccnenoBaHue, npoBeaeHHoe
B nepMckom baccerHe B CoeanHeHHbIx LLITaTax,

C CeHTSA6ps No Hos6pb 2019 roga, Mokasano, YTo

50 NpOoLEHTOB OTMEYEHHbIX BbIOPOCOB SIBUIOCH
pesynbTaToM A00blYM HeTU 1 rasa, Toraa Kak TONbKO
12 NPOLEHTOB OTHOCK/IOCh K MPOLIeccamM NepepaboTKy,
a 38 nMpoLEeHTOB BbI10 CeacTBMEM onepaLmin cbopa

1 npokadkm (Cusworth, et al. 2021). lNoaTomy,
HaxoxxaeHne, yiaBavBaHNE 1 COKpaLLeHne BbIBPOCOB B
OaHHbIX NpoLeccax ByaeT BHOCUTb BKIAM B COKpaLLleHne
3MUCCUM MAPHUKOBBIX rA30B, TEM CaMbIM CMTOCOOCTBYS
YCUSVISIM MO CHVDKEHUIO M3MEHEHNS KNMaTa,

3 PEKTVNBHOMO MCMOSB30BAHNS SHEPrOPECYPCOB U
3HeproobecneyeHs.

MOHUTOPUHI MeTaHa N3 Kocmoca

MepBbin cnyTHUK 3emnu, «CnyTHUK», Bbln 3anyLLeH

B KOCMOC 4 oKTs6ps, 1957 roga. C Tex nop,
NCMONb30BaHNE CMYTHUKOB A/19 HabnoaeHns 3a
3ems1en paclumpunioc, BkoYasd HabloaeHus 3a
MOrofion 1 COCTaBOM atMocdepsl. 3a nocnegHve
nBaguath €T, CrayYan MacluTabHbIX BbIOPOCOB MeTaHa
(MpupoaHbIE N aHTPOMOreHHbIE) NKCUPOBaICh
OBLLIECTBEHHBIMU CMYTHUKAMU C HU3KM pa3peLleHneEM
(Frankenberg, et al. 2005). OgHako, BbIGPOCHI

MeTaHa, UMeroLLIE OTHOLLEHVE K aHTPOMOreHHOM
OEATENBHOCTN, UMEIOT /10 C OTHOCUTESTBHO MENTKUMM
nctoyHmnkamm (Varon, Jacob, et al. 2018). C aTtomn
uensto, GHGSat, yacTHaa KoMnaHust ¢ MEXXOyHAPOAHbIM
MPUCYTCTBMEM, BbICTYNMNA 3a4MHATENbHULIEN
NCMONB30BaHNS CMYTHUKOB C BbICOKMM PaspeLleHrem
0151 MOHUTOPWHra BbIBPOCOB MeTaHa B MYPOBOM
MacLuTabe. KoMnaHus 3anycTiia CBOW NepBbIv
OMbITHbIN 0Bpa3el, MUKPOCnyTHNKa, GHGSat-D,

B ntoHe 2016 roga, ahdeKTVBHO 3aMepSIOLLMIA
BbIGPOCHI METaHa 1 YrIEKUCIONO rada U3 HaMeYeHHbIX
NCTOYHWMKOB. OTOT CMYTHVK A0 CUX MOP MOJSIHOCThLIO
dYHKLMOHaNEeH, cnocobCTBYS yydLIEHWIO 0Tbopa
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and atmospheric compositions. In the last twenty years,
large-scale patterns of methane emissions (natural and
anthropogenic) have been detected with public, low-
resolution satellites (Frankenberg, et al. 2005). However,
methane emissions related to anthropogenic activities
are associated with many relatively small point sources
(Varon, Jacob, et al. 2018). For this, GHGSat, a private
company with international presence, pioneered the

use of high-resolution satellites to monitor methane
emissions worldwide. The company launched the first
proof-of-concept microsatellite, GHGSat-D, in June
2016, effectively measuring methane and carbon dioxide
emissions from targeted facilities. That satellite continues
to be fully operational and has served in the improvement
of data retrieval, and enhancement of processing
methodologies. These insights were incorporated in the
development of the new generation sensor (Ligori, et

al. 2019). This sensor technology has been focused to
detect methane and was incorporated into GHGSat-C1
and GHGSat-C2, which were launched in September
2020 and January 2021, respectively.

GHGSat satellites are in orbit approximately 500 km from
the ground. Therefore, understanding the instrument’s
capabilities and depicting some examples of measurements
performed by the satellites provides an idea of how this
technology can be used in identifying methane emissions
from O&G facilities and the impact in ESG metrics.

Instrument

The instrument in GHGSat’s satellites uses spectrometry
to perform measurements of methane concentration in
excess of background concentration. This technology
allows to measure surface-level trace gases by collecting
sunlight scattering off the earth.

The primary instrument is GHGSat’s patented sensor,
which uses a Wide-Angle Fixed-cavity Fabry-Pérot
(WAF-P) etalon imaging spectrometer. The WAF-P

etalon uses reflections between two closely separated
mirrors that partially reflect and transmit instant light. This
transmitted light is then focused by a lens onto an imager
(screen), which produces what is known as interference
pattern. Interference occurs when two or more waves
superimpose. The amplitude of the waves and its
corresponding positions at each point in space are
combined to form a single resultant wave. This produces
a pattern of bright and dimmer bands. The brightness

of these bands is determined by the extent these

waves constructively interfere. Complete constructive
interference results in the brightest bands, while partially
constructive interference results in a dimmer band. The
molecules in the light’s path will absorb a certain pattern
of wavelengths, leaving dark bands in the spectrum.

The dark bands can be detected from orbit once the
concentration of molecules increases.
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OaHHbIX 1 ONTUMU3aUMN METOOONOMMIN X 06PabOTKU.
[aHHble pesyabTaThbl U BbIBOAbI ObLIM MCMOIb30BaHb!
npw paspaboTke Oatymka HOBOro nokosienus (Ligori, et
al. 2019). TexHonorus aToOro garTyvka, HaueneHHasa Ha
obHapy»keHe MeTaHa, bbl1a BHEApPEHa B CMYyTHUKOBbIE
cuctembl GHGSat-C1 1 GHGSat-C2, 3anyLieHHble B
ceHTa6pe 2020 r. v B aHBape 2021 r., COOTBETCTBEHHO.

CnyTHrkn GHGSat HaxogsaTcs Ha opbuTe MPUMEPHO
500 km oT 3emnn. CnenoBartesibHO, MOHUMaHWe
BO3MOXXHOCTEI 3TOr0 MHCTPYMEHTA 1 NpeacTaBieHVe
HEKOTOPbIX MPUMEPOB U3MEPEHUI, MPOBOANMBIX
CMyTHUKaMK, JAeT HaM MOHUMaHWE, HACKOTbKO
OaHHas TEXHOI0MMS MOXKET ObITb MCMOb30BaHa B
LEeNsIX BbIIBEHVS BbIOPOCOB MeTaHa Ha 0bbekTax
HepTerasoBom NHPPACTPYKTYPbI, U BAUSHME 3TOrO Ha
mMeTpuky OCY.

Cpencrso namepeHusi

VIameputenbHbI Nprbop B cnyTHrkax GHGSat
NCMOIb3YET CMEKTPOMETPUIO /19 U3MEPEHMS
KOHLIEHTpAaLIMIM MeTaHa, NpeBbILLaroLLX (OHOBYHO
KOHLEHTpaLM0. OTa TEXHOIOMVS MO3BOISIET N3MEPSTH
OCTaTOYHblE radbl Ha MOBEPXHOCTW 3eMJIM, MOCPEACTBOM
cbopa nHopMaLMy O pacCcerBaHnsa COTHEYHOrO CBETA
Haa, NOBEPXHOCTLIO 3eM/IN.

OCHOBHOW U3MEPUTENbHBIV MPUBOP — 3TO
naTeHTOBaHHbIM AaT4uK cnyTHUka GHGSat,
NCMONB3YIOLLMI STANTOHHBIN BUAEOCNEKTPOMETP
(nHTepdepomeTp) Dabpu-repo (WAF-P) ¢
LLIMPOKOYrO/IbHbIM PE30HATOPOM MOCTOSIHHOW
HacTpownku. OTanoH WAF-P 1cnonb3yeT oTparkeHns
MeXXay ABYyMs O/IM3KO PaCMONIOXKEHHBIMM 3epKaiaMu,
KOTOpPbIlE YaCTUYHO OTpaXkatoT, YaCTUYHO MPOMyCKaroT
CBETOBbIE UMMYJbChl. OTOT MNPOMYLLEHHbIV CBET
3aTemM POKYCUPYETCHA OOHOM U3 NINH3 Ha YCTPONCTBO
dhopmMrpoBaHUS N30OPaKEHUN (BKPaH), KOTOPbIN
NPOM3BOAUT TO, YTO OObIMHO MMEHYETCS Kak
nHTepdeporpamma. VIHTepdepeHUmns NponNcXoamnT,
Korga e nnm 60ee BOJHbI HaK1adbIBaKTCS OPYr
Ha apyra. AMMaMTyaa BOJH U X COOTBETCTBYHOLIME
MOJSIOXKEHWS B K&XKO0M TOYKE MPOCTPaHCTBa
COEAVHSIIOTCS U (DOPMUPYIOTCS B OOHY CYMMapHYHO
BOJIHY. OTO NPOn3BOANT Y30P, COCTOALLMIA U3

APKMX 1 6oN1ee TYCKJIbIX MOMOC. APKOCTb 3TUX

NoNI0C ONPEAENAETCs CTENEHBIO, C KOTOPOW

BOJTHbI KOHCTPYKTUBHO NHTEpdepupytoT. NonHas
KOHCTPYKT1BHas MHTepepeHums NporsBoanT
caMble gpKMe NOJIOChI, B TO BPEMS Kak YacTuyHas
KOHCTPYKTV1BHas nHTepdepeHums aaeT 6oee TyCKyto
nonocy. Monekynbl Ha NyTK CBETa NOrNOLWAI0T
onpeneneHHbI PUCYHOK CBETOBOW BOJIHbI, OCTaBNSAS
B CMEKTPE TEMHbIE MOMOChHI. TeMHbIE MOOCHI
UKCHPYIOTCH C OPOUTBI, Kak TONTbKO KOHLIEHTPALNS
MOJIEKYJT HAYMHAET BO3pacTaTb.
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In GHGSat’s imaging system the radius of the ring on the
imager is approximately proportional to the ray angle.
This makes the etalon to behave as an angle-dependent
filter. So rather than dispersing the light by wavelength,
we filter the light to specific wavelengths, depending

on the light’s radial position within the scene. Figure 1
shows a schematic of the imaging system.

1840 HM 1650 HMm
1840 nm 1650 nm

Bupgeonpeo6pasoBaresb
C chokasibHOM peLLeTKomn
Focal plane array

OnTnyeckas
cuctema,
chopmupytoLuas [T
n3o6parkeHne 11111
Imaging optics Jo=i L] \

N NN

SrtanoH ®a6pu-MNepo ‘3'
Fabry-Perot etalon

YacTtnyHo

oTpaxkaioLLiee

cTeKJ10

Partially reflective
| glass

UnnitocTtpaums: Oyxxenmc Mposoct
lllustration: James Provost

Puc. 1: HwkHSs yacTb: STasioH COCTOUT 13 ABYX YacTUYHO
OTP&KEHHbIX MOBEPXHOCTEN, Ha PACCTOSHAN MKPOMETPOB APy

OT Apyra. YacTb CBETOBOIO NMOTOKA MPOXOAUT MeXy 06enMin
MOBEPXHOCTSAMM, OCTASIbHOE OTPaPKAETCH BHYTPRW ABYX3EPKaIbHOM
MoJsiIoCTH, A0 TOrO Kak MpoXoauT MUMO. HacTe cnesa: Ecnm caet
VMEET HY>KHYIO [/IHY BOJTHbI, 1 BXOOMWT MOA, ONPEAeeHHbIM YriioM,
OH BY[ET KOHCTPYKTUBHO HTEP(EPNPOBaTL MEXY COO0N. HacTb
cnpaea: B pesynbTare nosyyHaeTcs AJIMHHOBOHOBON (hUnbTP , B
3aBVCKMOCTM OT yrna naaeHus nyden ceeta (McKeever, Jervis and
Strupler 2020).

Fig. 1: Bottom: The etalon is made up of two partially mirrored surfaces
held micrometers apart. A portion of the light passes through both
surfaces; the rest reflects within the mirrored cavity before it passes
through. Left: If the light is of the right wavelength and enters at a
particular angle, it will constructively interfere with itself. Right: The result
is an angle-dependent wavelength filter (MicKeever, Jervis and Strupler
2020).

In addition to the WAF-P, the optical design of the
instrument includes three lens groups, as well as beam
folding mirrors required to fit the telescope within a
microsatellite bus. This spectrometer is capable of
resolving methane absorption lines in the shortwave
infrared (SWIR; (Jervis, et al. 2021)). The spectral range
for methane detection is at 1600-1700 nanometers (nm),
with multiple bands in a proprietary configuration. This
configuration provides accurate methane concentration
values for over 200,000 pixels in each image.
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B cucteme 06paboTkn nzobpaxkeHnn cnytHrnka GHGSat,
paguyc Kosbla (hoTonprUeMHrKa Npuban3nNTENbHO
NPOMNOPLIMOHANEH Yrly OpUeHTaummn nyda. 9To
NMo3BOJISIET 3TaSIOHY AENCTBOBATb B KA4eCcTBe ubTPa,
paboTaroLWero B 3aB1MCMMOCTU OT yria Jiyya. [1oaTomy,
BMECTO TOro, YTobbl paccenBaTb CBET MO AJIMHaM BOJH,
Mbl DULTPYEM Ero No ONpeaesIeHHON OJIMHE BOSHbI, B
3aBMCUMOCTW OT paamanbHOro NMoIOXKEHUS Nydvert ceeTa
Ha 9ToW cueHe. PUCYHOK 1 MOKasblBaeT CxemMaTnyeckoe
1306paKeHe CUCTEMbI (HOPMUPOBaHUS 1 0OPaBOTKMN
1300paKEHNI.

B pnononHerHne k WAF-P, ontnyeckas KOHCTPYKLUSA
nprbopa CoAEPXNUT TPW FPYNMbI JINH3, a Takxke
OTKJIOHStOLLEE NyY 3epKasio, HEOOXOAVMOe A1

TOro, 4ToObl MOMECTUTbL TEMECKON Ha NaaTdopme
MUKPOCMYTHMKA. STOT CMEKTPOMETP CMOCOOEH

K BblOEIEHMIO IMHWUI MOM/IOLLIEHNS METaHa B
kopoTkoBoHoBow VIK o6nactn cnektpa (SWIR);(Jervis,
et al. 2021)). CnekTp 4acToT OBHaPY>KeHUS MeETaHa
HaxoauTcs B Npeaenax 1600 — 1700 HaHOMETPOB (HM),
C MHO>XECTBOM MOJIOC COBCTBEHHOW KOHUIypaumm.
OTa KoHUrypaums oTpaxaeT TOYHbIE 3HAYEHNS
KOHLIEHTpaLMM MeTaHa Ha niowaan 6onee 200 000
MKCEeNen KaXkaoro n3odbpaxeHst.

Ha6niogeHus co cnytHnkoB GHGSat-C1

n GHGSat-C2

CnyTHVKMK, pa3paboTaHHble koMmnaHen GHGSat,
[EeNCTBYIOT Ha COSIHEYHO-CUHXPOHHOM NONAPHON
opbuTe, Ha BbiICOTe NpmnbnnanTensHO 500 KM.
CTaHgapTHbIM MOPOr OBHAPYXEeHNS ra3a ons
cnyTHukoB GHGSat-C1 n GHGSat-C2 coctaBnget

100 kmnorpamm MeTaHa B yac (Kr/4-1), B ycnoBusix
YMEPEHHOW BETPEHOCTU. KaxkapIh CNyTHUK paspaboTaH
C BO3MOXXHOCTbBIO 25-METPOBOro paspeLleHns Ha
PaCCTOSHUM MPUON3UTENBHO 12 KM 12-KMTOMETPOBOIO
nong 3peHnst. Kaxkapii NUKCeb N3BNEHYEHHOM
VHhopMaLmm 0 BbIbpocax obecnevmBaeT 3amep nx
KOHLIEHTPAaLIMN, KOTOpas 3aTeM NPeaCTaBISeTCa BEPXHIM
CJTOEM NCKYCCTBEHHOW PacLBETKM, COOTBETCTBYHOLLIEN
PacHETHOM KOHLEHTPALMM, Kak MoKa3aHo Ha KapTtax
KOHLIEHTPAaLA, NPEACTaBEHHbIX H/KE.

PrcyHOK 2 nokasbiBaeT M3MepeHns, NpoBeaeHHbIe
25 ceHTa6pa 2020 roga cnyTHrkoMm GHGSat C-1.
MecCTo 3amMepa COOTBETCTBYET HE(DTEra3oBOMY
06bEKTY, pacnonoXeHHoMy B Hbto-Mekcuko, CLLA.
PaspeLueHve cnytHrka GHGSat-C1 no3BongeT 4eTko
onpenennTb NCTOYHUK OBHAPY>KEHHOW 3MUCCUN
MeTaHa. Ha DoHe (CHUMOK CTOPOHHEN KOMMaHWN)
rnokasaHa O4eHb MI0THO 3aCTPOEHHas TeppPUTopPVS,

C COBCTBEHHMKAMM, OTHOCALLMMACS K HeTerazoBom
VMHPaCcTPYKTypE, yNpaBnsemMon pa3anyHbIMm
KOMMaHUsMK, TECHALLIMMI 30eCb ApYyr Apyra.
KonoprMeTpust KOHUEHTpaumn Lwnenda sarpa3HeHns
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Observations from GHGSat-C1 and GHGSat-C2
The satellites designed by GHGSat operate in a sun-
synchronous polar orbit at an altitude of approximately

500 km. The nominal detection threshold for GHGSat-C1
and GHGSat-C2 is 100 kilogram of methane per hour
(kg-hr-1), in moderate wind conditions. Each satellite is
designed to offer a 25-meter resolution in an approximately
12 kilometers (km) by 12 km field of view (FOV). Each

pixel in the emissions retrieval provide a concentration
measurement, which is then represented with a false-color
overlay corresponding to the calculated concentration in the
examples of concentration maps below.

Figure 2 depicts a measurement on September 25,
2020, by GHGSat C-1. The site of the measurement
corresponds to an O&G facility located in New Mexico,
USA. The resolution of GHGSat-C1 measurement
enables to accurately attribute the source of the detected
methane emission. The background (third-party imagery)
shows a heavily dense area, mostly O&G infrastructure
owned and operated by different companies near one
another. The colorimetry of the plume concentration
references the methane column-average concentration
in excess of the local background level. In this event, the
highest concentration were near 200 parts per billion
(ppb). The calculated mass emission rate was estimated
at 1,190 kg-hr'+ 476 kg-hr.

HedpTterasosasn nHdppactpyktypa, Hoto-Mekcuko — CLLIA
CnyTtHnk GHGSat-C1 - 3amepbl meTaHa (CH4)
. GHGSAT Qil and Gas Infrastructure, New Mexico - USA
GHGSat-C1 - CH4 Measurements

Product:
CH oMM Bveraged CONCENrMicn
in encess of loeal backgrourd level

Tirmestame:
2020-09-25 1T:45:56 UTC

Background:
£ 2020 Coogle Map Data

N Wind

Paoms

Puc. 2: N3avepenust, BoinonHeHHble cnyTHikom GHGSat-C1

25 ceHTa6ps, 2020 r., ToKa3bIBarOLLIE CPEAHEB3BELLIEHHYIO
KOHLIEHTPALWIO MeTaHa, MPEBbILLIAIOLLIYIO MECTHbI (DOHOBbIN
YPOBEHb.

Fig. 2: Measurement performed by GHGSat-C1 on September 25,
2020, showing methane column-averaged concentration in excess of
local background level.

Figure 3 below shows a measurement made by
GHGSat-C2. The region is comparable with that in Figure
2, showing multiple O&G infrastructure (all possible
sources of emissions) in the FOV. Source attribution

was effectively allocated, with a highest methane
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COOTBETCTBYET CPEAHEB3BELLIEHHOM KOHLEHTPaLMN
MeTaHa, NpeBbILLatoLLEN MECTHbIM (POHOBbLIN YPOBEHL. B
3TOM Cllydae, MaKCUMasibHas KOHLEHTPpaLMsa cocTaBuna
npubnnanTensHo 200 yacTen Ha Munnnap. PacyeTHas
CKOPOCTb BbIOPOCa MacChl 3arpa3HsIOLLEro BELLECTBA
cocTaBuna npumepHo 1 190 kr/u '+ 476Kr/4.

PricyHoK 3, BHM3Y, NOKa3bIBAET U3MEPEHNS,
BbIMOJIHEHHbIE CcNyTHNKOM GHGSat-C2. ParoH
NPUBN3UTENBHO TAKOW XKE, Kak Ha PUCYHKE 2,

rA€e B NoJNe 3peHust HAXOOUTCH MHOMOYUCIEHHas
HedTerazoBas MHMOPACTPYKTYpPa (BCE BOSMOXKHbIE
WMCTOYHUKW BbIOPOCOB). VICTOUHMK 3arps3dHeHust

Obl1 3 PEKTMBHO HaMAEH, C CaMOW BbICOKOW
CPEOHEBIBELLEHHOM KOHLIEHTPAaLUMeEN MeTaHa
(MpeBblLLatoLLEN MECTHBIN POHOBBIV YPOBEHb) B panoHe
125 vacTten Ha Munnmapd. PacyeTHas CKOpoCTb
BbIGpOCa MacChl 3arps3HsIOLLIErO BELLLECTBA COCTaBmIa
1250 Kr/4-' + 437kr/u -,

B pesynbTare aTux naMepeHun dblna onpegeneHa
CKOPOCTb BbIOpOCa MacChl 3arpsasHSAOLLErO BELLECTBA,
nocpencTBOM MHTENPUPOBAHHOIO METOAA MOBbILLEHNS
maccel meTaHa (IME), nprmMeHeHHoro BapoHom 1 ap
(Varon, Jacob, et al. 2018). BapraTnBHOCTb B pacyeTe
CKOPOCTM MOTOKa MacCbl UICTOYHMKA 3arpPa3HEHNS

(Q) HaxoanTCS B BbICOKOWM 3aBMCUMOCTU OT MECTHbIX
OaHHbIX no BeTpy (Varon, Jacob, et al. 2018), (Varon,
Jervis, et al. 2021).

V13mepeHust, nokasaHHble Ha prCyHKax 3 1 4,
NPEACTaBNAT goKasaTebCcTBa aMPEKTNBHOCTU U
re0STIOKaLMOHHOM TOYHOCTW AaHHbIX MprbopoB. OgHaKo,
NoATBEPXKAEHNE AaHHbIX 06 YPOBHE BbIOPOCOB 3aBUCKT
OT OaHHbIX, KOTOPbIE MOXXHO MOJTy4nTb OT oneparopa,

B XO[€e MOCELLEHNSA UM MeCTa 3arpssHeHus. [1oaTomy,
YTBEPXKAEHME AaHHOM METOAMKM U €€ PacYETOB B
Hauy4LIen CTeneH MOXET OblTb AOCTUIHYTO MpW
1CMNOJ1Ib30BaHNM KOHTPOJIMPYEMbIX BbIOPOCOB.

KoHTponpyemsbie Bbi6pOCHI

CoBMecTHO ¢ koMnaHwuen TotalEnergies, 29 okTa6ps
2020 roga, GHGSat npuHsania y4acTtre B Cnenom
TECTUPOBAHUM KOHTPOIMPYEMOro Bbibpoca. MecTo
NMPOBEAEHNS UCMbITaHVS 1 KONMYECTBO BblibpoOCca
KOHTpPOIMpOBasioCk KoMmnaHvelt TotalEnergies, n

He OblS10 M3BECTHO B koMnaHum GHGSat. MNocne
NPOXOXAEeHWA Hag, 30HOM cnyTHUka GHGSat-C1, yTeuka
Obl1a 3aceyeHa 1 onpeaeseHa B COOTBETCTBYHOLLIMX
KOOpAVHaTax, Kak pa3 Tam, rae Haxoguics
NCTOYHMK Bblbpoca. o oLeHKe, cpeaHeB3BeLLIEHHas
KOHLEeHTpaums meTaHa Hag dhoHom gocturana 200
yacTen Ha Munapa,. KonnmyecTBeHHOe onpeaeneHvie
BbIXOJa UCTO4YHMKA Mo Macce (Q) aano 250 kr/u +
140 kr/4'. Bbixoa, N0 HA3EMHOMY KOHTPOJIKO AaHHbIX
cocTaBun 234 kr/u'. PucyHok 4 nokasbiBaeT
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column-averaged concentration (in excess of the local
background level) around 125 ppb. The calculated mass
source rate was 1250 kg-hr' + 437 kg-hr'.

From these measurements, the mass emission rate was
estimated by using the integrated methane enhancement
(IME) method utilized by Varon et al (Varon, Jacob, et al.
2018). The variability in the computation of the source mass
rate (Q) is highly dependent on the localized wind data
(Varon, Jacob, et al. 2018), (Varon, Jervis, et al. 2021).

HedbTerazoBas nHdppacTpykTypa, nepmckuin 6acceiiH - CLLA
CnytHMK GHGSat-2 - 3amepbl metaHa (CH4)

QOil and Gas Facilities, Permian Basin — USA
GHGSat-2 - CH4 Measurement

@ GHGsAT

Product:
‘CHa column-averaged concentration
in excess of local background level

Timestamp:
2021-02-01 16:49:58 UTC

Background:
© 2021 Geogle Map Data

Puc. 3: Vameperuis, BbinonHeHHbIe cnyTHUKOM GHGSat-C2 1
heBpansa 2021 r, NokasbiBatoLLE B MCKYCCTBEHHOW pacLIBETKE
CPEAHEB3BELLIEHHYHO KOHLIEHTPALMIIO METaHa, MPEBbILLIAIOLLYIO
MECTHbI (DOHOBBIN YPOBEHb.

Fig. 3: Measurement performed by GHGSat-C2 on February 1, 2021,
showing false-color methane column-average concentration in excess
of local background level.

The measurements depicted in Figures 3 and 4 provide
evidence of effectiveness and geolocation precision of
these instruments. However, confirmation of emission
rate is dependent on the operator reporting back on their
findings when visiting the site. Consequently, validation
of the methodology and computation is best achieved by
participating in controlled releases.

Controlled Release

In partnership with TotalEnergies, GHGSat participated

in a blind controlled release test on October 29, 2020.
The test location and release amount were controlled by
TotalEnergies and unknown to GHGSat. After the passing
of GHGSat-C1 over the area, the leak was detected

and identified in the corresponding coordinates where
the source of the release was located. Assessment of
the methane’s column-averaged concentration above
background was as high as 200 ppb. The quantification
of the source mass rate (Q) was 250 kg-hr' = 140 kg-hr.
The ground truth release rate was 234 kg-hr'. Figure 4
depicts the false-color methane concentration overlayed
on a base map imagery of the location.
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Product:
CHa column-averaged concentration
in excess of local background level

Timestamp:
2020-10-29 11:00:47 UTC

Background:
© 2020 Google Map Data

Puc. 4: . \3meperns, BoinonHeHHble cryTHYKOM GHGSat-C1, Bo Bpems Cemnoro TECTUPOBaHNS KOHTPOIMPYEMOro Bbibpoca Ha obbekTe TADI
komnaHun TotalEnergies, 29 okTsopst, 2020 r., NoKa3bIBAOLLIME B UCKYCCTBEHHOM LIBETE KOHLIEHTPAUMIO, MPEBLILLAIOLLYIO MECTHbIN (DOHOBbLIA YPOBEH.

Fig. 4: Measurement performed by GHGSat-C1 during the blind controlled release test at TotalEnergies’s TADI facility on October 29, 2020, showing

false-color concentration in excess of local background level.

VNCKYCCTBEHHYIO PacLBETKY KOHLIEHTpaUUM MeTaHa
NMOBEPX CHNMKa OCHOBHOW KapTbl MECTHOCTU.

3aknto4veHue

VIHBecTnpoBaHune B OCY He 06sa3aTeibHO

0O3Ha4aeT, YTO AOXOOHOCTb MPUHOCUTCS B XKEPTBY
cBepxaMbuLvam. ECTb MHOMOUMCIEHHbIE MPUMEPSI
BbIFO, Y NPUOOPETEHUI, NOJIyYEHHbIX OT BHEOPeHVs
dhakTopos SCY B paboTy HedTEra3oBOW KOMMaHNN.
HekoTopble 13 Taknx NPeMyLLIECTB, HaNpPUMED,
yIydLIeHne penyTaumm KoMnaHum 1 yKpenneHme
[oBepus y NOTPedbUTeNen, MOryT NoHavasly KasaTbcs
Masio0CA3aEMbIMU, HO OHM MOTYT UMETb JOTOCPOYHOE
NONOXNTESIbHOE BIIMSIHME HA KOMMaHWIO 1 CEKTOP
3KOHOMUKM B LienioM. B komnaHuax B Poccun, 1 no
BCEMY MUPY, CerofHs CrbilIaTCs pekoMeHaaumm
YHACTHNKOB VMHBECTULIMOHHOMO PbIHKA pacKpbiBaTb
OTYETbI O COLMANbHO-OTBETCTBEHHOM Pa3BUTAN,
NMOCKOJIbKY MOCEAHWE UCMONb3YOTCA B LIENAX
BbISIB/IEHUNSI PUCKOB, OLIEHKW JO/ITOCPOYHbIX
VHBECTULIMOHHBIX BOSMOXXHOCTEN, U B CUJTY MOHUMaHWS
TOro, YTO BbIOPOCHI MAPHNKOBBIX rA30B CBA3aHbI C
HenocpenCcTBEHHbIM BO3AENCTBMEM Ha OKPY>KAOLLYHO
cpeny 1 rnobasnbHbIM NMOTErNIEHUEM.

[MocKOMbKY KOHLUEHTpaUusa MeTaHa B atMocdepe

3a nocnegHee CTONETUE BbIPOCAA, Y NPOLO/IKAET
pacTti (Wuebbles and Hayhoe 2002), B BbiCLUEWN
CTENEHN CEroaHs akTyaslbHO MCKaTb MyTU 1 COCOObI
COKpAaLLeHVs BbIOPOCOB MeTaHa, MMEtoLLIME OTHOLLIEHWNE
K TEXHONOrMSIM pPaboTbl B HEPTEra30BOM CEKTOPE.
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Conclusion

Investing in ESG does not necessarily imply that profitability
is compromised in support of superior ambitions. There
are multiple benefits to implementing ESG factors into

the operations of an O&G company. Some of these
benefits such as improving corporate reputation and
building consumer confidence may seem intangible at the
beginning, but they can have a lasting positive impact on
the company and the sector. Companies in Russia and
throughout the world are now advised by the investment
community to disclose sustainability reports, as they can
be utilized for risk identification, assessment of long-

term investment opportunities, and understanding of

the environmental activities associated with greenhouse
emissions and global warming.

Since the atmospheric concentration of methane has
increased over the last century and continues to increase
(Wuebbles and Hayhoe 2002), it is of the upmost relevance
to incorporate ways for identifying and minimizing

methane emissions associated with the O&G processes.
Measurements of atmospheric concentrations of methane
from ground, aircraft, and satellite platforms can be used
to infer total methane emissions in a region (Allen 2014).
However, current ground-based leak detection and repair
(LDAR) technologies can achieve low detection thresholds
but are limited in the frequency and spatial coverage. \When
this technology is used in a more frequent basis, the cost-
benefit relation becomes far from optimal. An effective tiered
monitoring program includes technologies with different
capabilities that can be deployed at varying frequencies
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13MepeHVs KOHLIEHTPaumm MeTaHa, cogep kallerocs
B aTMocdepe, MPOBOAMMbBIE C 3eMJIM, BO3Oyxa 1 CO
CMYTHUKOBbIX MAaTopM MOMyT AOMNOIHUTL 0OLLLYHO
KapTUHY SMUCCUN MEeTaHa, XxapakTepHyto ans noboro
KOHKpeTHoro pervona (Allen 2014). OgHako, HeCMOTPS
Ha TO, 4TO TEXHOIOMMM HA3EMHOIO OBHAPYXKEHNS U
ycTpaHeHuns yTedek (LDAR), npuMeHsiemMble B HACTOSLLIEE
BPEMS], CMOCO6HbI Y1aBMBaTb METaH Ha HU3KNX
noporax 0bHapy»>eHvs, OHX OrpaHVYeHbl B MiaHe
4acTOTbl MPUMEHEHNS 1 TEPPUTOPUAIBHOMO oxBaTa. Kak
TO/IbKO AaHHas TEXHOJIOMMS CTaHET MCMOJ1b30BaTbCH
Ha 6o1ee LMPOKOW 1 PErYNAPHON OCHOBE,
3KOHOMMYecKasd aPEKTVBHOCTb ee CTaHeT Jasleko
He onTuManbHOW. SdEKTUBHAS 1 MHOrOYPOBHEBAS
nporpaMmma MOHUTOPWHIa A0J/KHa BKtoYaTh B cebs
TEXHOJIOMUM C PasINyHbIMU BO3MOXKHOCTAMMU, KOTOPbIE
MOMYT MPUMEHSTBLCS B Pa3/IMYHOM MacluTabe ¢

Lesblo ONTUMM3aLMK OxBaTa 1 3aTpar. VIameperus,
BbINO/IHAEMbIE CNYTHUKaMK, TakMm Kak GHGSat,
MOIyT CNOCOBCTBOBATL ObICTPOMY ODHAPYXKEHWIO
NPOBIEMHBLIX BIOPOCOB MeTaHa, MPUYEM B OFPOMHbIX
TeppuUTopranbHbIX 1 BPEMEHHbIX MacllTabax. 9To
MPUMEHUMO B CBSI3KE C aBUaLMIOHHBIMW HABIIOAEHNSMU,
Mopor o6HaPY>KEHNST Y KOTOPbIX TEM HIKE, a
paspeLLeHne N3MEPEHNIA TEM BblLLIE, YEM OHU BIVKe

K 3eMne (Esparza and Gauthier 2021). TexHonorun
OPOHOB 1 ONTUYECKOro obHapy>keHus rasos (OGl)
MOMOTYT B HaxoxaeHnn 60/1ee MeIKMX NCTOUHNKOB
BbIOPOCOB. OrpaHuyeHnsa No BPeEMEHU HabMtoaeHUS

CO CMyTHWKOB MOTYT ObITb pa3peLleHbl MOCPeACTBOM
3anycka 60/bLIEr0 YMCa CMyTHUKOB B KOMMJIEKCE.
Komnanua GHGSat nnaHnpyeTt 0obasuTh elle BOCEMb
CMYTHWKOB K KOHLY 2022 rofa, a 3Hauu T, yBENYNT
4aCTOTY U3MEPEHUI, U 3IDEKTVUBHO COKPATUT BPEMS
MEXKy BO3MOXXHOCTbIO VX MPOBEAEHNS.
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to optimize coverage and cost. Satellite measurements, like
the ones from GHGSat, can assist in the quick detection

of methane emissions of concern across large spatial and
temporal scales. This can be used in conjunction with
airplane campaigns whose detection threshold lowers and
resolution increases as measurements are made closer to
the ground (Esparza and Gauthier 2021). Drone technology
and ultimately optical gas imaging (OGI) measurements will
help in finding the smaller emission sources. The limitation
on revisit time for satellite measurements can be addressed
by increasing the number of satellites in the constellation.
GHGSat plans to add at least eight more satellites by

the end of 2022, hence, increasing the frequency of
measurement and effectively shortening the time between
measurement opportunities.
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