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Introduction
The urgent need to address the climate crisis has intensified the global
focus on decarbonization strategies. Among these, the transition to low-
carbon fuels stands out as a promising solution to reduce dependency on
fossil fuels and mitigate greenhouse gas (GHG) emissions. Accurate
fingerprinting of these fuels is essential for verifying their origins, ensuring
compliance with environmental regulations, and maintaining market
integrity. Isotopic analysis has emerged as a powerful tool for this purpose,
offering precise insights into the chemical composition and provenance of
low-carbon fuels. However, the measurement challenges associated with
isotopic fingerprinting are significant and multifaceted.

Challenges and Opportunities 

Objectives
Isotope measurement, a powerful source tracing 
tool, to provide tangible proof to determine the 
origin and pathway of LCFs  

Fig 2. Principal methanol production routes 
(source: IRENA AND METHANOL INSTITUTE (2021), Innovation Outlook : Renewable Methanol, International 
Renewable Energy Agency, Abu Dhabi)

Fig 1. Low-carbon fuels is required to decarbonize sectors where direct  
electrification is challenging, such as long-distance transport and feedstock 
supply in heavy industry. (source: IEA (2021), Net Zero by 2050: A Roadmap for the Global Energy 
Sector, International Energy Agency)

wider use of stable isotope techniques for 
source attribution of Green House Gases 
(GHG) in the Atmosphere.

1) Complexity of the fuel matrices:
• LCFs often contain a diverse array of organic compounds and impurities.
• Effective sample preparation and purification methods for each specific

fuel type are essential.
• Robust statistical and computational tools to better study their sources.
• Need to establish LCFs isotope database with details of feedstock origin,

production processes, and environmental conditions.

2) Next-Gen Measurement System:
• Advanced isotope mass spectrometry techniques to detect subtle isotopic variations.
• New compact laser-based analytical systems for in-situ GHG monitoring.
• All instruments shall be calibrated and well maintained.
• Need to develop standardized operating procedures and reference materials for

benchmarking and validating isotopic measurements across different laboratories. Fig 3. Stable isotope ratio mass spectrometry (IRMS) 
and effect of sample mass on linearity of IRMS. 

Sources: BIPM, IAEA, WMO, NOAA, PICARRO, Thermofisher, Elementar, Licor

Peak height deviation = Sample peak height - Monitoring gas peak height

3) Metrological traceability and international cooperation:

Tracking GHG 
emissions

Quality Assurance 

In conclusion, Isotopic fingerprinting can help
authenticate and trace low-carbon fuels but faces
measurement challenges. Addressing these requires
advanced techniques, standardized tools and
international collaboration, making it crucial for
sustainable energy.
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