Mobile measurement of carbon dioxide and methane emissions in Cyprus
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— MOt'Vat'onS : : SaA SaB 2.2 Field development and observation
Greenhouse Gas (GHG) emissions in the Eastern Mediterranean and the Middle 2 21 Manned aircraft
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on the sources contributing to these emissions (profile/fingerprint) as well as ‘g% *:E’

their spatial and temporal variability. Leveraging recent technological S i

developments on Unmanned Aerial Vehicles (UAVs) and miniaturized sensors, %G *,gn,:

we propose here to combine several mobile platforms (car, UAV) to investigate SN y= 1.0dox 5552 SR y=0.89%-04.114
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Fig.3.1.2 SaA and SaB profiles ASL measured by UAV platforms (on December
17,2019 and January 21 2020)

carbon dioxide (CO,) and methane (CH,) concentrations over Cyprus to better
assess regional and local GHG fluxes. We present here preliminary results
obtained from high-precision (Picarro G2401) on-road mapping of CO,/CO/CH, 360 370 380 390 00 ol 20 230 390
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~tmospheric mﬁ”nyp UItim%teI this set-up will be futhIIer used. to investigate) Fig.2.1.1 The precision of SaA and SaB is respectively =0.415ppm and =0.84ppm at 1o. | | 2.2.2 Unmanned aerial vehicle (UAV) B '
~he pm' ioIrjms Ove?.selected cIcI’ e o tIIIJe EMME redion 0.36ppm SaA 0.85ppm SaB The set up is shown in Fig.2.2.2. A small fixed-wing UAV with a wingspan of 1.83m ’ | \ ') I 1=
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2 Methodology 25 ] 25 +0.05ppm and +0.08 ppm Laboratory of the Cyprus Institute was applied for flights A series of circular flight paths ] ot et bl i Lbcsch = -
Eo z In around 250s for SaA and were implied over a highly agricultural area. i
The measurement system 3 %o SaB respectively. = g ool
The schematic Is shown as Fig.1. It consists of two CO, sensors (SaA and SaB, £ | = . The orecision o | I et Al b
a micro-pump, a dryer, a 0.2 pum filter and a SHT75 sensor. The dryer is filled ; 5 - respectively +0.36ppm o
with magnesium perchlorate and with cotton on both sides. During flight L R B B R B L S o , : _. , |
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developments, Picarro (G2401-m) used as a reference instrument was put next Chuster Time (3 Chuster Time (5 e | | |
to CO, sensors Fig.2.1.2 Allan deviation of unfiltered CO, dry air mole fraction versus cluster time (s) FIg 2 2 2 The setup on the UAV platform. U= R : e AL
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Air Tnlet ——{ 2.1.3 T/P and simulation flight tests The set up is shown in Fig.2.2.3. The observation is based on a Picarro (G2401) set- Fig.3.1.3 Ground -cal- basedlwg)lgqg,)eurvatlons (on II./.ILX.C,ZZ and June 5, 2020).
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Fig.3.1.4 Ground-car-based observations of CH, in Cyprus (hotspots are marked).

= SHT75 sensor has been replaced by another T/RH sensor with faster response time.
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F. " Samtemr £ oo » Five car-based observations have been done to make general survey to locate

Fig.2.1 The schematic of the system for lab tests and field development (A and gt
B represent air flows to Picarro and CO, sensors respectively). R S R e Fig.2.2.3 The setup in the car.
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e e e i (4 hotspots of GHGs from west to east in Cyprus.

2.1 SenseAir lab tests Tk | ] ] = An anemometer is being installed to the car to aid location of unidentified plumes.
Table 2.1 The overview of SenseAir lab tests 3 Results
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Performance Tests Purposes ; o - § 3.1 Field development and observation _ _ _ E—
2.1.1 Calibration Confirm the presicion and stability | st oo = 005 i 55 oo st oo o.0n1 st 2T o Water vapor was controlled through a dryer at a average of 0.0024% for two hours. Every single SenseAlr SENSor behaves differently, and charact_e fization Is necessary.
o _ _ —_— . — < . . . The flow rate for SenseAir sensors should be above 500 ml/min.
2.1.2 Allan Deviation Confirm the noise T SRS v mowow e wow e woowow || FIQ.3.1.1 1S the result of the manned aircraft test. A dryer is necessary for the UAV-CO, sensor system. as SenseAir RH tests were
vessure [mbar] - 2 ]

2.1.3 T/P Tests Correct from T/P changes Fig.2.1.3.1 Temperature (on the left) & Pressure (on the right) equations from T/P lab tests. SaA and SaB against Picarro non-repeatable.

2.1.4 Humidity Tests Correct from RH changes SaA: Ceor=Copst0.5635x%(Ta-Tag)+0.979x(Tc-T¢,)-0.0125% (P-Po) o Fig.3.1.1 SaA and SaB values against UAV-CO, sensor system is adequate for horizontal measurements to investigate

2.1.5 Simulated Flights Assess the measurement error from T/P SaB: C_,=C_,+0.527x%(Ta-Ta,)-0.378%(Tc-Tc,)-0.6065x% (P-P,) ; Picarro G2401 values during the manned ground-based emissions.
211 Calibration Where T, represents the cell temperature and T, represents ambient temperature. Ea aircraft flight (on April 8, 2019). GIEUtlre W orK
Four high pressure calibration cylinders with well-known amounts of CO - SZB Fig.2.1.3.2 The simulation flight test of SaB. Eii e o - e~ - - -
(380.09600m. 400 336mpm. 419.782p0m and 459.773p0m ) were applied té s Joave 90% change conected by pressure 25 7 Ty m0sTeeseTs | = The pressure was under 800 mbar. CO, sensor system is bem_g mtegrated_onto a.multlcopter for horlzo_ntal mapping.

' ! ' ! ' . 2 . SaBi tive t n ER: -~ 7R =0.31 Standard error = 0. . More ground-based mobile observations will be performed to investigate local

calculate response curves. Each standard gas ran for 30 min, and to ensure T s ab IS more sensitive 1o pressure changes. < = The precision of SaA and SaB was <sion hotspots throuah different
complete flushing of the cell of the analyzers only the last 10 min of data were S g - = Simulation tests of SaB show above 90% = respectively +1.4ppm (10) and +1.7ppm SMISSION NOLSPOLS TTOUGH HIIETENT SEAsOMS.
used. The cylinder with 459.773ppm CO, was cosidered as the ambient air for s _ CIIIangIe correctec;l by presshure. ] f a T SEA T saE (o) at 1 Hz, +0.78ppm (1lo) and References

o - - = = The linearity of SaA shows better for T N | | | | - - - .
I;r:elcés"sﬁ caldculgtltqn (Fig.2.1.1), 1 _+ Guaity convolled by PIT equations equations a)rIId the linearity of SaB shows , e ss 420 429 424 +1.1ppm (1o) at 1 min during flights. . Arzoumanian et al., Atmos. Meas. Tech., 2019, 12, 2665-2677.

L an aeviation | | | 10000 60000 76:00.00 better for P equations Picarro [ppm] . Kunz et al., Atmos. Meas. Tech., 2018, 11, 1833-1849.
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