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Introduction
Growing focus on sustainable energy production has
increased the adoption of biodiesel as a renewable
alternative to petroleum diesel. Biodiesel is produced
via transesterification of natural fats and oils, yielding
fatty acid methyl esters (FAME) as shown in Figure 1.
These are subsequently blended with diesel to
enhance environmental performance. Regulatory
frameworks in regions such as the EU and the US
define strict FAME blend limits, making accurate
quantification essential for fuel certification and
compliance.

Precise determination of FAME content is necessary
not only to meet these regulations but also to ensure

fuel stability and engine reliability. Variations in
blending or contamination can lead to operational
issues, including oxidation, filter plugging, and deposit
formation [1]. Robust analytical control therefore plays
a key role in maintaining consistent fuel quality across
production and distribution.

Infrared spectroscopy offers a rapid, accurate, and
reproducible method for quantifying FAME in middle
distillates fuels. This technology brief outlines the use
of mid-infrared analysis for FAME content
determination, with emphasis on the standardized
procedures defined in test method — EN 14078 [2].

IRSpirit-X LabSolutionsTM IR

Highlights
• Compact footprint IRSpirit-TX with high-quality transmission liquid cell, Omni-Cell featured
• High sensitivity IRSpirit-TX for oil analysis based on EN 14078
• Rapid measurement and quantification of biodiesel is possible with LabSolutionsTM IR

Figure 1 Transesterification process
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Analysis Conditions
The standard and sample were measured using
IRSpirit-TX with a liquid cell for a transmission
measurement using the LabSolutions IR software.
The instrument and analytical conditions were
specified under Table 2 and utilised for all
measurements.

Instrument IRSpirit-TX 

Accessory Omni Cell (CaF2 window, fixed 
0.2 mm pathlength)

Resolution​ 4 cm-1

Accumulation 45 times

Wavelength Range 4000 – 400 cm-1

Apodization Function Happ-Genzel

Instrumental Analysis
Spectrum Analysis

Transmission measurement was conducted using a
fixed pathlength liquid cell with a 0.2 mm spacer. After
a background measurement completed with the cell
filled with FAME-free middle distillate, measurements
were continued for a blank, standards 0.05, 0.10, 0.50,
2.00 to 3.00 %(v/v) and sample, respectively.

Quantitative Analysis

Using the Quantitation mode and the corresponding
spectral data files, a calibration curve was readily
generated. The EN 14078 method is based on a
univariate Beer's Law calibration model that correlates
absorbance with concentration. The quantification
relied on the absorbance of the ester (FAME) carbonyl
functional group at 1745 cm-1 as seen in Figure 2.
Peak height was selected for spectra evaluation and
adjusted at the maximum absorbance between 1740
and 1750 cm-1, referenced to a baseline constructed at
approximately 1820 and 1670 cm-1.

The calibration curve shown in Figure 3 was
established using the corrected peak height, which had

Table 2  Instrument and analytical conditions Standards/ Samples Preparation
Standards Preparation

EN 14078 specifies the use of three different
calibration ranges, A, B and C as followed:

• Range A: approx. 0.05 to 3.0 %(v/v)

• Range B: approx. 3.0 to 20.0 %(v/v)

• Range C: more than 20 %(v/v)

Here, calibration standards of Range A were
followed. By using a B100 (100% FAME) as the stock
and a FAME-free middle distillate as the diluent, a
series of serial diluted standards were prepared
gravimetrically as listed under Table 1. It is
recommended to have at least five calibration
standards solutions for the calibration range.

A unit conversion is required from g/L to vol/vol%
(%(v/v)) by using the density at 15°C of the choice of
middle distillates selected. The unit of (%(v/v)) was
used throughout.

Sample Preparation

Depending on the FAME content, sample will need to
be diluted to meet within the calibration range.
Dilutions would require the use of the same FAME-
free middle distillate. Biodiesel sample was subjected
to 16x and 32x volumetric dilutions in duplicate
before analysis.

Standard No. FAME Concentration, % (v/v)

1 (Blank) 0.00

2 0.05

3 0.10

4 0.50

5 2.00

6 3.00

Table 1  Calibration Range A 
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Figure 2 Overlaid calibration spectra



Technology Brief | No. EC-2527

EC-2527 First Edition: Apr 2026

Recovery and Repeatability Test
To evaluate the performance of the calibration model,
a check standard recovery test was conducted. The
results, summarized in Table 3, demonstrated
satisfactory accuracy, with the 0.0950 %(v/v) check
standard exhibiting a recovery of 106%.

The performance of the test method on the FTIR was
accessed with a repeatability test. The diluted
biodiesel samples were analyzed. These duplicate
spectra had overlaid well at 1745 cm-1 as illustrated
in Figure 4, indicating good spectral reproducibility. References 
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Calculated Check 
Std Actual Result % Recovery 

0.0950 0.0980 106%

Biodiesel Sample FAME of 16x FAME of 32x

1st Measurement 10.45 10.72

2nd Measurement 10.42 10.75

Average 10.43 10.74

Repeatability, r 0.14 0.14

Table 3  Check standard recovery results (Unit: %(v/v))

Table 4  Repeatability Test (Unit: %(v/v))

Conclusion
This technology brief demonstrated that the compact
IRSpirit-TX FTIR spectrophotometer, in accordance
with EN 14078, had provided a rapid and reliable
method for quantifying FAME content in middle
distillates. This was important in supporting compliance
with regulatory standards and consistent fuel quality
control.

produced a satisfactory linearity with the coefficient
of correlation, r2 at 0.9996.

Biodiesel measurements were tabulated in Table 4
together with the corresponding average and
repeatability (r). For all samples, the differences
between duplicate measurements were below the
calculated r values, confirming that the repeatability
criterion of the method was met. The calculation from
EN 14078 used for repeatability is provided below,
where X represents the average measured value:

r (Range A) = 0.0126 X + 0.0079

Figure 3 FAME calibration curve

Figure 4 Overlaid samples spectra
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The Shimadzu IRSpirit-X is a compact FTIR spectrometer
featuring a footprint smaller than an A3 sheet. Despite its small
size, the system includes a standard-sized sample compartment
to accommodate a wide range of existing accessories. High-
stability optics, a temperature-controlled DLATGS detector, and
a humidity-resistant sealed interferometer ensure the delivery of
reproducible, high-quality spectra even in challenging
environmental conditions. Operational reliability is further
reinforced through self-diagnostics, continuous status
monitoring, and optional internal dehumidification for long-term,
low-maintenance performance.

Read More
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IRSpirit-X FTIR Spectrophotometer

Learn More

LabSolutions IR streamlines FTIR analysis through 23
macro application programs and intuitive IR Pilot software,
utilizing guided workflows and automated identification
tools to ensure high-quality results. Users select the
analysis objective and the specific attachment to bypass
manual parameter settings, which makes the system
accessible even to those lacking prior experience. A
single-click function for multi-sample analysis further
maximizes efficiency, offering a fast and precise solution
that caters to both novice and seasoned laboratory
professionals.

IR PilotTM Analysis Support Program 

Learn More

The Specac Omni-Cell provides a modular and demountable
liquid transmission solution for FTIR analysis of liquids, pastes,
and mulls, offering seamless compatibility with the Shimadzu
FTIR series. Its flexible design facilitates thorough cleaning and
allows users to swap window materials or adjust pathlengths
with precision spacers to meet specific transmission
requirements. With the option of demountable or permanently
sealed window sets, the system provides a versatile balance
between adaptable configurations and the leak-proof stability
necessary for consistent analytical results across diverse
applications.

Specac Omni-Cell

Learn More

https://www.shimadzu.com.sg/an/products/molecular-spectroscopy/ftir/ftir-spectroscopy/irspirit-x/index.html
https://www.shimadzu.com.sg/an/products/molecular-spectroscopy/ftir/ftir-spectroscopy/irspirit-x/index.html
https://www.shimadzu.com/an/resources/movies/irspirit_383/index.html
https://www.shimadzu.com/an/resources/movies/irspirit_383/index.html
https://specac.com/product/ftir-spectrometer-accessories/omni-cell-demountable-liquid-cell/
https://specac.com/product/ftir-spectrometer-accessories/omni-cell-demountable-liquid-cell/
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