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(Q(_THE GAS FLARING

The burning of natural gas associated with oil extraction
mainly acting as safety device to protect vessels/pipes from over-
pressuring due to unplanned upsets
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A GLOBAL CHALLENGE

Source
https://viirs.skytruth.org/
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(@A GLOBAL CHALLENGE

DOUBLE
NEGATIVE
EFFECT
waste of 3,000MW of ~ 400 million tons of CO,
electricity into the atmosphere
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THE ROLE OF REMOTE SENSING IN GF MONITORING

The main issue involved in addressing environmental aspects of flaring consists in
the lack of systematic, complete and reliable data on its magnitude and spatial distribution

(i) a limited access to official information on flaring locations

Limiting factors: (ii) the heterogeneity in spatial and temporal sampling strategies

(iii) data typically self-reported by the flare operators
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‘QGENERAL GAS FLARES CHARACTERISTICS
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Planck curves for typical industrial processes and gas flaring temperatures, together with SLSTR
SWIR (S5 and S6), MIR (S7 and F1) and TIR (S8, S9 and F2) channels [source: Caseiro et al. 2018]

e HIGH TEMPERATURE

@Uﬁ:;‘:,;f;,QO] 9 Vienna| Austria | 8 April 2019

mariapia.faruolo@imaa.cnr.it




THE RST-FLLARE ALGORITHM

DATA PRE-PROCESSING

1,

2,

FLARING SITES DETECTION

SOURCE EMISSIVE POWER COMPUTATION

GAS FLARED VOLUMES ESTIMATION

Faruolo, M.; Lacava, T.; Pergola, N.; Tramutoli, V. On the Potential of

the
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RST-FLARE Algorithm for Gas Flaring Characterization from Space.
sors 2018, 18(8), 2466, https://doi.org/10.3390/518082466.
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- Million cublc meters The new ranking —top 30 flaring countries (2013-16)
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THE NIGER DELTA REGION
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THE ROBUST SATELLITE TECHNIQUES
[Tramutoli 1998, 2005, 2007]

Change detection scheme based on the analysis of multiyear series of satellite data
acquired in homogenous spatiotemporal conditions to reconstruct the normal behavior of the signal
(i.e., same spectral channel, same geographic area, same month and hour of acquisition)

4 O
: — V(x’y")
3 V: signal measured at time ¢ for
— = W each pixel (x,y)
=l -
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= Time >
L «
> The signal behavior in “normal”
E‘ T conditions expressed in terms of
%’ * VX’ y) +n6(xy)
;‘:‘— ' Vier = monthly temporal mean
: 5 o, = standard deviation
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THE ROBUST SATELLITE TECHNIQUES
[Tramutoli 1998, 2005, 2007]

ALICE
Absolutely Local Index of Change of the Environment

Vix.v.t)— v (x.v
Qv (x, y.1) = D =y (X, Y)

oV (X, V)

standardized variable characterized by a Gaussian behavior

A pixel is flagged as “anomalous” when the deviation from the value expected to
measure in normal conditions (u) is greater than its natural variability (o)

®, (x,y,7)>C

¢ = confidence level
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THE ROBUST SATELLITE TECHNIQUES
[Tramutoli 1998, 2005, 2007]

For gas flares:

BTyo—31(x,y,t) — Hoo—31(X, V)
020-31(x, )

®20-31 (I, Y, t)

>1.5

MIR: ch20 (3.66-3.84um), TIR: ch31 (10.78-11.28um)

implemented at the pixel level
assumed as representative of thermal anomalies related to gas flaring

Faruolo, M.; Coviello, I; Filizzola, C.; Lacava, T.; Pergola, N.; Tramutoli, V. A satellite-based analysis of the Val d'Agri Oil Center
(southern Italy) gas flaring emissions. Nat. Hazards Earth Syst. Sci., 2014, 14, 2783-2793, DOIL:10.5194/nhess-14-2783-2014,
(http://www.nat-hazards-earth-syst-sci.net/14/2783/2014/nhess-14-2783-2014.pdf). ISSN: 1561-8633.
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1, | DATA PRE-PROCESSING

COLLECTED SATELLITE DATA

‘ Nighttime Daily Level 1B MODIS data (2000+2016)
O NOAA CLASS web site archive

Q BTSs: ch2o (3.66-3.84um); Ch31 (10.78-11.28um); Ch32 (11.77-12.27um), at 1km spatial resolution

USED SATELLITE DATA

NO CLOUDY PIXELS
(OCA approach on MODIS ch32)

‘ satellite zenith angle (SATZA) < 40°

(to reduce the impact of resampling and path radiance effects)

O solar zenith angle (SOLZA) < 101°

(to assure nighttime conditions)
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2, | FLARING SITES DETECTION

I STEP: thermal anomalies detection

ALICE20-31 time-series for Year, ALICE20-31 Dayj;
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In each useful image (i.e., for all clear
pixels with SatZA<40° & SolZA<101°), a
pixel is flagged as thermal anomaly if

ALICE,, ,,>1.5
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2, | FLARING SITES DETECTION

II.a STEP

A time persistency criterion applied to the ALICE,_,, > 1.5 for each year
(Annual Aggregation)

ALICE20-31 time-series overlay ALICE20-31 frequency calculation Flaring sites identification

Within each year, a pixel is
classified as flaring site when
thermal anomalies
(ALICE20-3121.5) are
detected over at least in 30%
of images belonging to the

annual dataset (i.e., all clear

|

ih I I Low
Frequency
(N thermal anomalies/N®annual useful images)

pixels with SatZA<40° &
SolZA<101°)

Frequency 230% (¥)

(*) Threshold derived by a series of tests based on the comparison between potential persistent source maps and a reference map
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2, | FLARING SITES DETECTION ANNUAL ESTIMATES:

Flaring sites active «for sure» in that year

150
- RST-FLARE
______ MODET
[Anejionu et al 2015]
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Annual number of flaring sites detected in the Niger Delta region
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2, | FLARING SITES DETECTION

II.b STEP

A time persistency criterion applied to the ALICE, _,, > 1.5 in all investigated years
(Multi-temporal Aggregation)

Annual flaring sites maps

To take into account the activity variation of each site (due to
decommissiong/reactivation  periods, increasing in oil
production, etc.), a multi-temporal map is defined assuming as
flaring sites all those pixels that, at least in one year within the

Year 2000 Year 2001 Year 2016

17 investigated, have been detected as anomalous

«or» condition applied to the 17 annual maps

@u Generst 5019 Vienna | Austria | 8 April 2019

mariapia.faruolo@imaa.cnr.it



® VNF
[Elvidge et al 2013]

9 RST-FLARE

MULTI-TEMPORAL MAP

2. | FLARING SITES DETECTION
Background: SkyTruth layout (
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https://viirs.skytruth.org/apps/heatmap/flarevolume.html

3, | SOURCE EMISSIVE POWER COMPUTATION

BRIGHTNESS TEMPERATURE EXCESS (BTE)
M

BTE, = > (BT20,-<BT20,,, >)-a;,[K]

j=1

computed for each flaring site only when a thermal anomaly is identified by the ALICE

20-31

y refers to each of the investigated years in the 2000-2016 period

j refers to each of the M identified flaring site (only in presence of detected thermal anomaly)

BT20j is the brightness temperature (K) measured in the MODIS band 20 for the target j

<BT20j,bg>, referred to the background, is equal to the spatial mean of the temporal mean p, (x,y) in a 5x5
box around the site

o is a coefficient which weights the variability, between years, in sampling and cloud cover

@ugg:;,;ag.y 2019 Vienna| Austria | 8 April 2019

mariapia.faruolo@imaa.cnr.it




SOURCE EMISSIVE POWER COMPUTATION
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Flaring sites BTE temporal trend
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4. | GAS FLARED VOLUMES ESTIMATION

LINEAR REGRESSION MODEL:  (Gas ﬂaredy = y* BTEy + B

Gas flared (assessed for the year y): the response variable in the model (Y)
BTE: the predictor variable (X)

v and B: the regression coefficient and the Y-intercept (site-specific coefficients derived and valid for the Niger Delta)

OPEC: Organization of the Petroleum Exporting Countries
http://www.opec.org/opec_web/static_files_project/media/downloads/publications/ASB2016.pdf

EIA: Energy Information Administration

https://www.eia.gov/beta/international/analysis_includes/countries_long/Nigeria/nigeria.pdf
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4. | GAS FLARED VOLUMES ESTIMATION

Temporal : . p- Year of Gas Flared
S R Model Equat R?
ouree Range egression Model Bquation Value  Estimation Volume [BCM]
2014 14.3
— *
OPEC 20002013 ~ Castlared “i%l\g ) CO00TBIE 650, <001 2015 12.4
' 2016 11.9
Gas flared [BCM] = 0.0008*BTE 2014 L.
EIA 2005-2013 ' 67%  <0.01 2015 10.4
+3.902
2016 9.5
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+ | GAS FLARED VOLUMES ESTIMATION  RiSULT

RST-FLARE (EIA-based)

. RST-FLARE (OPEC-based)

35 _.'o-

------------ MOVET [Anejionu et al 2015]

o ".. VNF [Elvidge et al 2013]

Gas flared volumes [BCM]

Nigerian National Petroleum Corporation

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

Annual values of gas flared volumes computed by RST-FLARE
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RST-FLARE performances:

||:> when compared to other two
satellite products:

||:> when compared to official data:
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4. | GAS FLARED VOLUMES ESTIMATION

RST-FLARE (OPEC-based) vs MOVET: R=62% (2000-2013)

RST-FLARE (EIA-based) vs MOVET: R=86% (2005-2013)

RST-FLARE vs VNF: R=95% (2012-2016)

when referred to NNPC Max Bias Min Bias Mean Bias
RST-FLARE OPEC-based 78.4% 0.3% 19.7%
RST-FLARE EIA-based 67.0% 0.8% 15.9%
MOVET 78.9% 3.2% 34.1%
VNF 42.5% 6.2% 24 9%
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+ | GAS FLARED VOLUMES ESTIMATION  RiSULT

RST-FLARE

(OPEC_based) MOVET
_ 246.7 BCM 344.8 BCM

2000-2013 270.7 BCM (-9%) (+27%)

RST-FLARE
(EIA_based) MOVET
|:> in the long period:

_ 158.2 BCM 197.5 BCM

2005-2013 154.9 BCM (+2%) (+34%)

RST-FLARE

(OPEC-based)
(EIA-based)

62.7 BCM (+6%) 42.9 BCM

2012-2016 98 68.8 BCM (+16%) (-28%)
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CONCLUSION & WORK IN PROGRESS

RST-FLARE configuration, based on nighttime MIR&TIR MODIS data, demonstrated to be
a reliable semi-automatic tool for

i) identifying gas flares

ii) estimating gas flared volumes

iii) analyzing possible spatiotemporal dynamics of flaring activity

Works in progress are currently focused on the calibration of a new version of RST-FLARE
aimed at exploiting the great potential of NIR and SWIR bands (acquired by new generation
satellite sensors, like Suomi-NPP-J1/VIIRS and Sentinel-3/SLSTR) to further improve its
performances in detecting flares and measuring their radiant power
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Thank you for the attention
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