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New metrological methods for biofuel materials analysis

Overview
Biomass is a key element in biofuels. It can be defined as a fuel produced through contemporary biological
processes, and its increased use can support the EU’s aims of reducing greenhouse gas emissions.
Information on the nature and the quality of the biomass or biofuel is important in order to support the
optimisation of their combustion with respect to realising higher efficiencies and lower emissions during energy
production.
This project will research more accurate metrological methods and establish advanced traceable
measurement standards for the determination of the calorific value, new methods for determining impurities
and ash content, and new moisture transfer standards and calibration facilities.
Need
The EU aims for biomass to increase to at least a 27 % share of renewable energy consumption, and the
United Nations has included efficient utilisation of renewable energy sources such as biomass in their
sustainable development goals.
The rapidly increased use of biomass will impact international trade as well as the need for optimal utilisation
of the fuel and the need to minimise emissions. Fast and reliable traceable measurements and characterisation
of biofuels are essential for this development.
•

Knowledge of the accurate content of water in solid biofuel materials such as wood pellets or wood
chips is important in ensuring optimal combustion efficiency and fair payment of the fuel.

•

Improved sampling methods for solid biofuels are needed to reduce the significant associated errors
in fuel quality control which can lead to error in moisture content measurement.

•

Knowing the ash content is crucial for the determination of the calorific value and thereby establishing
the energy content of the fuel.

Understanding and determining the level of impurities in biofuels are essential to limit the undesirable
precipitation of solids in the fuel transportation system and to establish the energy content of the fuel and
regulate its combustion, as well as for fiscal billing of the fuel.
Achieving such measurements is currently a significant challenge given the use of adapted and slow offline
methods and documentary standards, the suitability of which are unverified for biofuels and insufficient for
understanding the contents of the fuels. Traceability will provide the legal and financial regulatory means for
“trackability”, determining the calorific value as well as the bio-origin of the samples/blends and their carbon
dioxide contribution.
Objectives
The overall goal of the project is to research online metrological methods for analysis of solid and liquid
biofuels, to provide a metrological framework, including determination of the calorific value and quantification
of impurities for validation of the developed methods, ensuring traceability of online instrumentation.
The specific objectives are:
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1. To develop traceable online measurements for water content in solid biofuels, for the measurement
ranges 5 % - 12 % (wood pellets) and 20 % - 75 % (wood chips) with a target uncertainty of 5 %.
2. To develop improved methods for the sampling of biofuels (when online methods cannot be used).
Furthermore, to research the use of data science techniques such as machine learning or deep
learning for optimising calibration curves to improve uncertainties, e.g. the inhomogeneous nature of
the fuels.
3. To traceably determine the calorific value of the solid biofuels by developing validated methods for
the online measurement of ash content. In addition, to develop accurate methods < 0.1 %, absolute
repeatability and 0.2 % absolute reproducibility for determining the amount and composition of ash
content in the measurement range 0 % – 1 %.
4. To develop validated methods to determine the amount and nature of impurities in liquid biofuels,
including quantifying and qualifying inorganic and organic by-products and to develop a traceable
method for the online determination of the calorific value of liquid biofuels.
5. To disseminate and facilitate the take up of the technology and measurement infrastructure
developed in the project by the measurement supply chain, standards developing organisations e.g.
European Committee for Standardization (CEN) and end users, e.g. European Technology and
Innovation Platform (ETIP) Bioenergy and European Biodiesel Board (EBB).
Progress beyond the state-of-the-art and results
Biofuel measurements are dominated by offline and slow laboratory analysis, regulated by standardisation.
The potential of introducing new, fast, flexible, and traceable measurements is far from being fully exploited.
The progress beyond state-of-the-art related to the objectives and the outcomes of the project is summarised
here:
Traceable online measurements for water content in solid biofuels (objective 1)
Two new transfer standards will be developed for calibration of online equipment. They will be non-destructive,
non-invasive and fast, and will be superior to the very material-specific instruments currently available on the
market. Traceability will be ensured by new calibration methods based on reference methods established in
the earlier EMRP-EURAMET SIB64 METefnet project. An important step will be taken in moving from methodbased standardised procedures, towards outcome-based verification of measurement results.
Improved methods for the sampling of biofuels; exploiting data science techniques (objective 2)
Today standardised sampling procedures often cannot be applied in practice and sampling methodology is
rarely supported theoretically. The aim is to ensure that proper and theoretically supported sampling
techniques can be applied widely in the future. As a part of this study, the consortium will research the effect
of sample handling and packaging on the homogeneity and stability of reference materials developed within
the project. Advanced data science techniques such as machine learning and deep learning will be used to
reduce the uncertainty of online measurements. The measurement uncertainty is currently heavily affected by
the extremely heterogenous nature of the biofuel and of the industrial environment. Using information from
additional sensors combined with the new analysis techniques, the project will aim to uncover potential
correlations between these influencing factors and measurement uncertainty. Implementing such techniques
are foreseen to improve reproducibility and repeatability of the online measurement significantly, e.g. for
moisture in wood chips.
Traceable determination of the calorific value of solid biofuels by measurement of the ash content (objective
3)
A promising method for online traceable measurements of ash content is X-ray fluorescence (XRF) for
determining metal abundances and hence the ash content. The feasibility of this method will be explored using
portable XRF equipment with traceability established by means of a laboratory standard (a wavelength
dispersive XRF instrument). Traceability will be via a new reference material developed in the project where
defined amounts of ash, organic and inorganic impurities are doped in.
Methods to determine impurities and a method for online calorific value of liquid biofuels (objective 4)
Advanced measurement standards for accurately determining the biofuel’s calorific value will be established
and a measurement and validation program for bomb calorimetry on solid and liquid biofuels will be developed.
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Using these standards, new reference materials will be produced for future distribution to partners and
stakeholders. The project partners will pursue different, complementary approaches to achieve the objectives.
For instance, analytical procedures for determination of organic and inorganic impurities in liquid biofuel will
be developed and validated and a new transfer standard will be developed for online measurement of
impurities.
Impact
Impact on industrial and other user communities
This project will have impact on both producers of liquid and solid biofuels and users of these products, e.g.
powerplants. In both cases traceability and documentation of product quality and energy content of the fuel
are of key importance. New calibration methods, reference materials and procedures to be developed in this
project will enable improvement of the quality control of liquid and solid biofuels and the comparability of
measurements across the community and between dealers and buyers.
The introduction of the new online methods and traceability schemes for moisture and ash content in biofuel
power plants will allow continuous accurate measurements of the biofuels’ properties and will result in a high
degree of digitalisation. This will lead to better control, more efficient use of the fuel, lower consumption, and
minimalised emissions.
Automated and representative sampling of the fuels combined with traceable measurements will improve
quality control and support fair trade. In this project, optimised automatic sampling will be implemented and
commercialised by an industrial partner.
When heat production taxes are calculated based on an estimated energy content of the solid biofuel, it has
major economic consequences if this estimate is subject to errors caused by either non-representative
sampling or measurements based on non-ideal, slow, offline methods. The amount of solid biomass used in a
modern power plant is large, therefore the impact of reduced errors will be significant. In the EU the total
primary production of renewable energy based on biomass is about 130 kilotons of oil equivalent yearly and
this number is increasing rapidly.
Impact on the metrology and scientific communities
New advanced measurement standards for accurate determination of the calorific value of solid and liquid
biofuels will be established, and new reference materials for the determination of the calorific value, ash and
impurities will be made available. This will in the short term allow comparison of calorimetric facilities at an NMI
level with an uncertainty not obtainable today. In the long run, uncertainties within this field will be improved at
European stakeholders, where, today, differences demonstrated in round robins are pronounced.
A new SI traceable method will be developed and implemented enabling the calibration of portable XRF
instruments that are used in industry.
Two new transfer standards for water content in materials will be developed in the project together with new
calibration facilities traceable to the SI and for the first-time online moisture measurement equipment will be
able to be calibrated directly traceable to the SI.
To support calibration methods such as advanced data science techniques, machine learning, deep learning
and artificial intelligence will be exploited. The developed algorithms will be general in nature and can be
utilised broadly in the metrological community where such analytical techniques are beginning to emerge.
Impact on relevant standards
The earliest impact of the project on standards will be at the level of sampling (EN ISO 18135:2017) as well
as the determination of moisture (EN ISO 18134:2015-1,2 and ISO 12937:2000), ash (EN ISO 18122:2017),
impurities (EN 14107:2003, EN 14108:2003, EN 14109:2003 and EN 14105:2003) and calorific value (EN ISO
18125:2017). Information will be provided to the relevant standardisation groups from the development within
the various fields of this project.
Furthermore, there will be impact to CEN TC 19 (gaseous and liquid fuels) and its work programme, and CEN
TC 335 (solid biofuels). In addition, it is expected that there will be impact to the standards under responsibility
of ISO/TC 28/SC7 technical committee of liquid biofuels and of ISO/TC 238 technical committee of solid
biofuels. In both cases the outcome of the project will be presented directly to the committees to ensure
integration of the project results and guidelines in future versions of the standards.
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The project will develop a reference material for solid biofuels which will supply a quality control material for
verification of methods for determining the calorific value of solid biofuels according to ISO 18125 standard.
Long-term economic, social, and environmental impacts
The development of the new methods, technology and knowledge will have impact on climate and
environmental protection. This is desired as the EU is aiming for a 40 % cut in greenhouse gas emissions
compared to 1990 levels. The indicative target for an improvement in energy efficiency at EU level is at least
27 % (compared to projections), to be reviewed by 2020 (with an EU level of 30 % in mind).
The project’s impact is related to the sustainable development goals 7, 9, 11, 12 and 13 of the UN: Affordable
and clean energy; Industry, Innovation and Infrastructure, Sustainable Cities and Communities, Responsible
Consumption and Production, Climate action, etc.
Within 5-10 years the introduction of new broad range liquid fuels will enter the market aimed at the land and
sea transport sector. It is anticipated that these will be in the form of methanol, ethanol, biodiesel, diesel made
from plastic, ammonia or other energy carrying liquids that can be used in combustion engines. These new
liquid fuels will come from multiple sources and origins of feedstock which affect the impurities in the fuel.
Accurate real time methods for identification of impurities on an industrial scale will be needed. This project is
a step towards this.
Energy storage technologies are essential as the production of CO₂ neutral energy increases e.g. from wind
power. Electro fuels also known as Power-to-Liquid have a potential to replace fossil fuels in the future.
Introducing new types of fuels for existing technology (e.g. cars, ships, aviation) will require traceable
measurement and documentation of the impurities in the fuel, not only after, but also during their production.
The outcome of the project will support the transition to clean CO2 neutral energy and an independence from
fossil fuels.
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