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Unleakable carbon

Hendrick, M. F., Cleveland, S. & Phillips, N. G. Unleakable carbon. Clim. Policy 17, 1057ς1064 (2017).

Unleakable Carbon refers to the uncombusted carbon-based gases that are also associated

with the extraction, distribution, and consumption of fossil fuel reserves, otherwise referred to

asófugitiveô,óleakedô,óventedô,óflaredô,oróunintendedôemissions.



Climate justice



Víū ġľíŧĪŅĢ̒ ̯ńďąħďŧŌṵ̄
Global impacts

- 151 billion cubic metres of gas burned in 2024

- Emissions of 389 MMtCO2e, of which 46 MMtCO2e 
in the form of methane 

Local impacts

- Emissions of over 150 toxic substances, including 
H2S, SO2, NOx, VOC, PAH and black carbon

- Acid rain

- Impacts on human health

- Heat islands, i.e. alterations in the microclimate 
depending on the distance from the flame

- Alteration of the phenological stages of vegetation 
and reduction of biomass

- Alteration of soil biogeochemical cycles and damage 
to microfauna



The Ecuadorian Amazon Region



ά!ǇŀƎǳŜƴ ƭƻǎ ƳŜŎƘŜǊƻǎέ

Historic ruling by the Nueva Loja Court (January 2021)

ÅElimination of flares located ónearô populated centres within 18 months (March 2023, 
Phase I)

ÅElimination of routine flaring by December 2030 (Phase II, Zero Routine Flaring by 2030)



Research Group of the University of Padova 
ά/ƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǘŜǊǊƛǘƻǊƛŜǎΣ ŘƛǾŜǊǎƛǘȅέ 



Aims of the study

ÅUpdate the spatial distribution of gas combustion sites and quantify
the phenomenon over a 12-year period (2012ï2023) using annual
satellite estimates of gas combustion volumes.

ÅIdentify new gas flaring sites activated between 2019 and 2025 by
comparing current observations with participatory mapping carried
out in 2019.

ÅAssess the degree of alignment between satellite observations and
national commitments, including court rulings and climate and
environmental policies.



Materials and Methods

Nightfire (VNF) dataset from the Visible Infrared Imaging Radiometer 
Suite (VIIRS), developed by the Earth Observation Group (EOG).

ÅAnnual database (2012ï2023)

ÅDaily observations (2019ïMay 2025)

Facchinelli et al. 

(2020)
Elvidge et al. (2015)



Preprocessing in R Model Builder
in QGIS

Daily observations



Results ςactive sites in the years 2012ς2023

133 gas combustion sites 
out of a total of 486 
(Ecuadorian Ministry of 
Energy and Mines, 2022)

32 sites burned 8,971 

MCM of gas (67.7% of 

the total volume burned 

during the entire period)



Results ςvolume of gas burned

Cumulative volume of gas
burned: 13.24 billion cubic
metres over the entire twelve-
year period (2012ï2023)



Results ςvolume of gas burned
Volumen de gas quemado en millones de metros cúbicos (MCM)

Sitio de 
quema de gas

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Estación 
Sacha Norte 1

27,0 16,1 9,6 7,0 8,5 12,9 12,5 14,0 22,4 17,4 16,5 40,9

Estación 
Central 

Shushufindi
27,8 19,0 - 24,3 20,4 18,0 31,0 35,0 40,5 52,8 80,2 84,6

Estación 
Shushufindi 

Norte
2,8 11,5 14,9 17,5 44,4 25,2 19,6 41,0 50,3 65,3 83,5 110,9

Estación 
Shushufindi 

Sur
28,1 27,4 36,5 25,1 33,7 29,3 22,6 31,3 15,4 36,6 36,8 70,8



Results ςnew sites 

31 new gas flaring sites not 
included in participatory 
mapping (Facchinelli et al., 
2022) and in the annual EOG 
database

ÅFlame (8)

Å Infrastructure (15)

ÅNo identification (8)



Results

2 extinguished mecheros (d<100 m) 
by March 2023 

(Phase I)

+

110 dismantled mecheros

(Phase I)

48 dismantled mecheros

(Phase II)

Å27 sites still registering thermal 
activity after March 2023 



Discussion and conclusions

ÅOpen-source GIS technologies and open access satellite data are
important tools to track unleakable carbon and support climate justice

ÅLimited number of sites detectable by satellite (133 out of 486, 27%)
and poor availability of satellite images for verification need for field
mapping /validation by local communities

ÅVolume of gas burned is still increasing (recent publication of EOG data
from 2024) partial and inconsistent application of the ruling

ÅData can be a useful tool in the hands of local communities in their fight for
environmental and climate justice .
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What now?
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