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Abstract. The environmental damage stemming from traditional diesel begins during crude oil
extraction and persists throughout its usage. The burning of fossil fuels has further deteriorate
the environmental effect and added to global warming by emitting harmful substances.
Moreover, the reduction of finite fossil fuel reserves due to widespread extraction has made the
adoption of renewable resources essential. Given these considerations, biodiesel emerges as a
highly promising alternative to conventional diesel due to its environmentally beneficial nature,
renewable source, and economic feasibility. In this study, biodiesel was prepared by a microwave
reactor in the presence of potassium methoxide using blended waste palm oil and sterculia
Joetida. The effects of raw materials characteristics on transesterification products were studied.
The studied process parameters were methanol/oil ratio, microwave temperature, catalyst
concentration, reaction time, and stirring speed. The optimal yield with 98.5% FAME content
was obtained at a methanol/oil ratio of 60 vol. %, microwave temperature of 120 °C, catalyst
concentration of 0.3 wt.%, and 3 min reaction time, and stirring speed of 500 rpm. The potassium
methoxide was used to catalyse the transesterification process. The physicochemical properties
and the fatty acid methyl ester composition were discussed thoroughly. The flash point of
biodiesel, at 157.5°C, exceeds that of diesel fuel by more than two times. The cetane index is
59.5 which is higher than diesel (49.6). The biodiesel’s fuel properties conformed to the
requirements of both ASTM D6751 and EN 14214. High biodiesel conversion and low sulphur
content show that waste palm oil and sterculia foetida are sustainable and economical feedstocks
that produce clean fuel to aid the feasibility of the energy transition of the global energy sector.
In addition, the selection of synthesis approaches can be further explored for potential catalysts
to ensure eco-green biodiesel's sustainability with minimised.
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1. Introduction

Biodiesel, a renewable and environmentally friendly alternative to conventional fossil fuels, has gained
significant attention in recent years. As the global demand for cleaner energy sources continues to grow,
there is an increasing focus on improving the properties and sustainability of biodiesel. One promising
approach in this endeavour involves blending waste cooking oil (WCO) with non-edible oils, an
innovative strategy that enhances biodiesel's properties and addresses sustainability concerns. WCO, a
readily available by-product of culinary activities and food processing, has become a valuable feedstock
for biodiesel production [1, 2]. Recycling WCO not only reduces waste but also offers economic and
environmental advantages. However, WCO alone may not always meet the desired biodiesel
specifications due to variations in quality and composition, more advancement is needed such as
improving the process of conversion [3-6], the addition of other feedstocks [7, 8], alternative catalyst
[9-11] and many more [12]. Non-edible oils derived from plants that are not part of the human food
chain, such as Jatropha curcas [13], Calophyllum inophyllum [14], Ceiba pentandra [15], Nagkesar
[16], Cichorium intybus [17], and others have emerged as complementary sources for biodiesel
production. These non-edible oils often exhibit favourable properties for biodiesel, including high oil
content, good cold properties, long oxidation stability, and low competition with food crops. Sterculia
foetida can be a valuable feedstock due to its relatively high oil content and favourable fatty acid
composition [18].

The synergy between WCO and non-edible oils offers a unique opportunity to produce biodiesel with
improved properties [7]. By blending these feedstocks, it becomes possible to balance the shortcomings
of WCO, such as higher levels of free fatty acids and lower cold flow characteristics, with the strengths
of non-edible oils, including high energy content and good oxidative stability. This results in biodiesel
with enhanced overall quality, meeting or exceeding industry standards and specifications. Besides,
blending feedstocks can help reduce reliance on any single feedstock and enhance the stability of the
biodiesel production process [19].

Besides the sustainability of feedstocks, specific processes and methods for biodiesel production may
vary based on the technology and equipment available. Microwave irradiation-assisted
transesterification is an innovative and efficient method for biodiesel production, offering several
advantages over traditional transesterification processes [20]. In this method, the reaction mixture is
exposed to microwave radiation, resulting in rapid heating, lower relative energy consumption, and
reduced reaction time. The process also enables the production of biodiesel at milder conditions, which
can be cost-effective and environmentally friendly. Microwave irradiation-assisted transesterification
has been shown to increase biodiesel yield and reduce product degradation, making it a promising
alternative to conventional transesterification methods. Microwaves are a form of electromagnetic
radiation that generates heat by causing polar molecules (like those in the reaction mixture) to rotate and
generate thermal energy [21]. Microwaves selectively and rapidly heat the reaction mixture, focusing
energy directly on the reactants. This results in faster and more uniform heating than conventional
heating methods, reducing reaction times, and energy consumption and minimising heat loss [22].

This study explores the promising prospects of blending WCO with Sterculia foetida for biodiesel
production. We found that W70SF30 impact its performance and applicability. Additionally, by
blending 70 vol. % of WCO with 30 vol.% of Sterculia foetida, we will assess the sustainability of this
approach and the reliability of the biodiesel properties, emphasising the investigation of the properties
of biodiesel and its potential to reduce waste and reliance on food-based feedstocks. Microwave
irradiation transesterification of W70SF30 offers advantages such as shorter reaction times, reduced
energy consumption, improved biodiesel yield, and enhanced reaction control. Besides, the high-quality
biodiesel can be used as an eco-friendly and renewable fuel source for diesel engines, providing a cleaner
alternative to traditional diesel.

2. Materials and methods
The following materials and methods was employed to produce a blend biodiesel from WCO with
sterculia foetida at ratio of 7:3 using energy efficiency equipment (monowave reactor).
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2.1. Materials

Crude Sterculia foetida crude oil was procured from Indonesia, whereas the waste cooking oil was
collected from local food industry. The chemicals utilized in biodiesel production included CH;OH
(99.9% purity, ACS reagent grade), H2SO4 (>98.9% purity), H3PO4 (85% purity), Na,SO4(99% purity),
NaHCOs (>99% purity), KOH pellets (99% purity), Carboxylic ester mixture (8-24), Nonadecanoic acid
methyl ester, 19 (brand: Sigma-Aldrich, purity:>99.5%), 1,2,4-butanetriol, glyceryl
monononadecanoate mono C19, glyceryl dinonadecanoate di C38, glyceryl trinonadecanoate tri C57,
and Fluka® Analytical phenolphthalein solution (1% in ethanol).

2.2. Experiment set up

Waste cooking oil was initially purified using a filter to eliminate solid impurities and then subjected to
heat treatment to eliminate any remaining water content. Subsequently, the purified waste cooking oil
was blended with Sterculia foetida oil in a 7:3 volume ratio, resulting in the creation of the W70SF30
oil blend. Analysis revealed that the FFA of crude oil mixture exceeded the acceptable threshold for
transesterification, measuring at 4.6% compared to the permissible limit of 2%. The oil mixture was
then esterified with 50 (v/v)% of methanol and 1 (v/v)% of sulphur acid in a 500 mL double-jacketed
reactor set at a temperature of 60 °C and stirring speed of 1500 rpm for 2 h. The properties of the waste
cooking oil, Sterculia foetida oil, and W70SF30 blend are tabulated in table 1. FFA content of the
esterified W70SF30 oil is reduced to less than 2%, indicating that the oil is ready for further process.
The monowave reactor with 24 automatic samplers was selected for its suitability in small-scale
microwave synthesis, making it an ideal choice for preliminary studies. This equipment is specifically
designed for low volume microwave synthesis applications in R&D laboratories, offering features like
unattended sequential processing of 24 experiments and precise temperature control up to 300°C.

Table 1. Properties of waste cooking oil, Sterculia foetida , and W70SF30.

Properties Unit Crude oils Crude oil
mixture
WC SF W70SF30
Kinematic viscidity at 40°C mm?/s 49.05 38.64 47.60
Dynamic Viscidity at 40°C mPas 44.27 34.99 43.03
Denseness at 40°C kg/m® 902.70 905.70 904.00
Denseness at 15°C kg/m® 901.00 904.00 902.30
Acid Value mgKOH/g 2.19 26.30 9.20
Heating capacity MJ/kg 38.59 38.30 37.52
Oxidation Value hr 4.61 3.07 3.28

2.3. Microwave irradiation-assisted alkaline-catalysed transesterification

AP Monowave reactor with 24 samplers was utilized for the conversion process. This equipment is
integrated with thermal sensors to accurately control the temperature, pressure value indicator to observe
reactions, and an integrated magnetic stirrer for optimal mixing. Throughout the experiments, the
temperature and pressure profiles were automatically recorded by the reactor. The heating process in the
microwave reactor involves three stages: heating the vessel to the desired temperature, maintaining a
constant temperature for a specific duration, and then cooling the vessel to stop the reaction. Adjusting
the power voltage by refering to the chosen temperature every experiment was crucial to prevent any
exothermic reactions during the transesterification process.

2.4. Measurement of physicochemical properties
W70SF30 biodiesels’ properties were compared with those of diesel fuel and Jatropha-ceiba biodiesel.
From the findings, W70SF30 biodiesels exhibited similar properties to Jatropha-ceiba biodiesel and
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diesel, with some variations when compared. The W70SF30’s physicochemical properties produced
from microwave-assisted transesterification were analysed according to the standard shown in table 2.
These properties included kinematic viscosity at 40 °C, density at 15 °C, acid value, calorific value,
oxidation value, flash point, copper strip corrosion, Conradson carbon residue, cetane index, cold flow
properties, sulphur content, water content, methanol content, FAME content, glycerides (single, double
and triple bond), free glycerol, and total glycerol.

3. Results and discussion

3.1. Biodiesel yield of W70SF30 from the high-performance microwave reactor

The microwave reactor offers efficient in-core heating directly to the glass vial, ensuring energy-
efficient processing. In figure 1(left), the glass vial is partially filled with esterified W70SF30 oil in the
bottom layer and a KOH catalyst dissolved in methanol in the top layer. A magnetic stirring bar is gently
placed inside the glass vial to guarantee thorough mixing of the reaction mixture during the
transesterification process in the microwave reactor. The KOH catalyst-methanol mixture is crucial in
expediting the transesterification reaction, ensuring the experiments remain unbiased as all processes
are completed within a few minutes. Figure 1(right) illustrates the production of W70SF30 methyl ester
through the microwave irradiation-assisted alkaline-catalysed transesterification process. The
transparent glass vial clearly shows the completion of the transesterification reaction, with W70SF30
methyl ester formed in the upper layer, while the lower layer contains methanol, glycerol, KOH catalyst,
and other impurities. As anticipated, the transesterification reaction is finalised in less than 5 minutes
with the microwave reactor's assistance, in contrast to the conventional transesterification method,
which typically requires over 60 minutes to reach completion. Additionally, the microwave reactor's
parameters (infrared temperature, fibre optic temperature, operating pressure, and power) can be
accurately measured and monitored throughout the experiment, ensuring precise control of the
parameters. The best yield conversion of W70SF30 of 96.5 wt. % by controlling the factor likes
CH3OH/Triglycerides ratio, microwave temperature, accelerator concentration, conversion time, and
mixer speed at 60 vol. %, 120 °C, 0.3 wt.%, 3 min. and 500 rpm, respectively.

Figure 1. (Left) Esterified W70SF30 oil before inserting into the microwave reactor (Right) W70SF30
methyl ester after the glass vial is removed from the microwave reactor.

3.2. Physicochemical properties of the W70SF30 biodiesel

W70SF30 methyl ester’s properties was evaluated and compared with other fuels, as shown in table 1.
W70SF30 methyl esters produced from the microwave irradiation-assisted transesterification methods
fulfil the fuel specifications given in the ASTM D6751 and EN 14214 standards. The optimized
W70SF30 methyl ester exhibits lower kinematic viscosity at 40°C (4.54 mm?/s) and density at 15°C
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(876.1 kg/m?), indicating favorable lubrication characteristics. Additionally, the acid value of the
optimized methyl ester is 0.3 mg KOH/g, below the permissible limit of 0.5 mg KOH/g set by ASTM
D6751 and EN 14214 standards. The calorific value of the methyl ester is 40.51 MJ/kg, slightly lower
than diesel (45.36 MJ/kg), suggesting comparable energy content. However, the oxidation stability at
110°C is 5.3 h, meeting ASTM D6751 but falling short of EN 14214's requirement of 6 h. Oxidation
stability holds significant importance as it serves as a key indicator of fuel deterioration, which has a
pivotal impact on fuel storage, handling, and transportation. Undesirable fuel oxidation results in
adverse effects on the physical and chemical properties of the fuel, leading to an increase in acid value,
which, in turn, can cause corrosion of engine components. Additionally, it leads to an elevation in
kinematic viscosity, potentially causing fuel injector clogging. The flashpoint of the W70SF30 methyl
ester is 157.5 °C, which is significantly higher than that for diesel (75.5 °C) but lower than biodiesel
Jatropha50Ceiba50 (196 °C). The flash point of the W70SF30 meets the criteria set by both ASTM
D6751 and EN 14214 standards. These standards stipulate that the fuel's flash point should fall within
the 100-170 °C range and exceed 101 °C, respectively. The elevated flash point of the optimized
W70SF30 methyl ester serves to mitigate the risk of fire hazards when the fuel comes into contact with
potential ignition sources, such as flames or sparks. The cold flow properties are also for the W70SF30
methyl ester where the PP, CP, and CFPP are 3, 3.2, and 3 °C, respectively, indicating that the methyl
ester is suitable for use in cold-climate countries. The copper strip corrosion test indicates that the
W70SF30 biodiesel is less corrosive as the test value is 1a. The cetane index of W70SF30 biodiesel
(59.5) is slightly higher than diesel (49.6) but lower than Jatropha50CeibaS0 biodiesel (58.0). The
FAME content and linolenic methyl ester content of the W70SF30 biodiesel 98.50 wt.% and 0.51 wt.%.
The FAME content is above the minimum requirement of 90 wt.% and the linolenic methyl ester content
of the W70SF30 biodiesel which is significantly lower than the value stipulated in the EN 14103:2011
standard (15 wt.%). The methanol content (0.02 wt.%) of the W70SF30 biodiesel shows that the
purification process was done perfectly and the stability of the biodiesel favours the forward
transesterification process. The total monoglyceride content (0.35 wt.%), total diglyceride content (0.04
wt.%), and total triglyceride content (0.12 wt.%) of the W70SF30 biodiesel fulfils the requirements of
the EN 14214 standard. In addition, the total glycerol (0.12 wt.%) and free glycerol (0.02 wt.%) fulfils
the specifications since the values are less than 0.25 wt.% and 0.02 wt.%, respectively. The notably low
levels of monoglycerides, diglycerides, and triglycerides point to the successful conversion of most
glycerides into methyl ester. Most glycerol has been eliminated from the methyl ester during the
subsequent separation and purification processes. A comparison of the physicochemical properties of
W70SF30 biodiesel, JatrophaS0Ceiba50 biodiesel, and diesel reveals that W70SF30 biodiesel complies
with the specified standards outlined in ASTM D6751 and EN 14214. This underscores W70SF30's
potential as a biodiesel with a substantial impact on the sustainability, cost-effectiveness, and overall
characteristics of the biodiesel it yields. Moreover, it's well-suited for use in both tropical and cold
climates.
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Table 2. The properties of diesel, W70SF30 biodiesel and Jatropha50Ceiba50 biodiesel.

Biodiesel
. . Biodiesel JatrophaS0Ce
Pronertios Unit Biodiesel Diesel W70SF30 ibas0
P [23]

ASTM Test EN1421

D6751 method 4
Kinematic 5 1.9 to 3.5to
viscosity at 40°C mm?/s 6.0 D 445 50 2.96 4.5400 3.95
Density at 15°C kg/m? 880 D 127 ggg o 846.1 876.1 831.20
Acid value mgKOH/g 0.5max D 664 0.5max  0.017 0.30 0.25
Calorific value Ml/kg - D 240 - 45.36 40.51 40.92
Oxidation valueat 3min  EN14112 6min 152 53 10.01
Flash point °C 101 Do 10l min 755 1575 196.00
Pour point °C O paseo - 3.0 3 0.50
Cloud point °C -3to 12 D 2500 - 2.0 3.2 0.50
Cold filter °C 19max D637  Omax 0 3 -2.00
plugging point
Copper strip ; 3max D130 ; la la la
corrosion
Cetane index - 47min D613 5lmin  49.6 59.5 58.00
Sulphur content (S 500
500 grade) ppm max D 874 10 max  449.7 - -
Sulphur ash wt.% 0.02 D874 002 4497  0.004 -
content
Conradson carbon i, o, . . . 0.187 003 .
residue

0.05 ASTM 500

0, - -

Water content vol.% max D6304 ppm 0.035
FAME content wt.% - - 90 min - 98.50 99.10
Linolenic-AME Wt.% ) ) 1-15 ) 051 )
content
Methanol wt.% 0.2 EN 14110 0.2 - 0.02 -
Single-glycerides wt.% - - 0.8 - 0.35 -
Double-glycerides ~ wt.% - - 0.2 - 0.04 -
Triple-glycerides wt.% - - 0.2 - 0.12 -
Free glycerol wt.% 0.02 D 6584 0.02 - 0.02 -

max
Total glycerol wt.% 0.24 D 6584 0.25 - 0.12 -

max
Carbon content wt.% 77 - - 88.5 79 -
Hydrogen content ~ wt.% 12 - - 13.5 13 -
Oxygen content wt.% 11 - - 0 12.5 -
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4. Conclusions

The research produces biodiesel from a blend of waste cooking oil and Sterculia foetida oil at a volume
ratio of 7:3 (W70SF30) using microwave irradiation. Initially, the W70SF30 mixture had an acid value
of 9.20 mg KOH/g and a kinematic viscosity at 40 °C of 47.60 mm?s. Through acid-catalyzed
esterification followed by microwave irradiation-assisted alkaline-catalyzed transesterification, these
values were reduced to 0.30 mg KOH/g and 4.54 mm?/s, respectively. Optimal conditions for biodiesel
production were determined, including a methanol/oil molar ratio of 60 vol.%, microwave temperature
of 120 °C, KOH catalyst concentration of 0.3 wt.%, stirring speed of 500 rpm, and a reaction time of 3
minutes. Under these conditions, a biodiesel conversion yield of 96.5% with a FAME content of 98.50
wt% was achieved. The physicochemical properties of W70SF30 biodiesel met the fuel specifications
outlined in both ASTM D6751 and EN 14214 standards. Microwave irradiation played a crucial role in
accelerating the alkaline-catalyzed transesterification process, significantly reducing the total reaction
time to just 5 minutes (including a 2-minute preheat to reach 120°C and a 3-minute reaction time). This
approach resulted in biodiesel with competitive advantages in terms of time and energy efficiency.
Determining the optimal blend ratio and processing conditions for the amalgamation of waste cooking
oil (WCO) with Sterculia foetida is essential for enhancing the efficiency and viability of biodiesel
production. This approach can yield biodiesel with enhanced characteristics while minimizing its
environmental impact, thus contributing to a more sustainable and streamlined biodiesel industry. It's
crucial to underscore the importance of sustainability and the adoption of responsible harvesting
practices to mitigate the environmental impact of utilizing Sterculia foetida as a biodiesel feedstock.
As the global quest for sustainable alternatives to traditional fossil fuels gains momentum, blending
waste cooking oil with non-edible oils emerges as a compelling solution to enhance biodiesel properties
and reduce its environmental footprint. Besides, using waste cooking oil and Sterculia foetida, similar
method can be applied to other biomass feedstocks such as Jatropha curcas, ceiba pentandra, rubber
seed oil, Millettia pinnata and other. This research contributes meaningfully to advancing a more
efficient, eco-friendly, and economically viable biodiesel production process, which can be pivotal in
the global transition toward cleaner and more sustainable energy sources.

5. Reference

[1] Mansoorsamaei Z, D Mowla, F Esmaeilzadeh and K Dashtian 2024 Fuel 357 129821

[2] Zoghi M and M Saidi 2024 Fuel 357 129713

[3] Oza S, N Prajapati, P Kodgire and S S Kachhwaha 2021 Water Energ. Nexus 4 187

[4] Abdullah R F, U Rashid, M L Ibrahim, B Hazmi, F A Alharthi and I A Nehdi 2021
Renew. Sust. Energ. Rev. 137 110638

[5] Masoud S M, A M A Attia, H Salem and R M El-Zoheiry 2023 Energy 263 125830

[6] Zamri M F M A, A H Shamsuddin, S Ali, R Bahru, J Milano, S K Tiong, I M R Fattah
and R M H Raja Shahruzzaman 2023 Nanomater. 13 1

[7] Milano J, H C Ong, H H Masjuki, A S Silitonga, W H Chen, F Kusumo, S Dharma and
A H Sebayang 2018 Energ. Convers. Manage. 158 400

[8] Yusoff M N A M, N W M Zulkifli, N L Sukiman, M A Kalam, H H Masjuki, A Z
Syahir, M S N Awang, M A Mujtaba, ] Milano and A H Shamsuddin 2022 Alex. Eng.
J. 619569

[9] Adhikesavan C, D Ganesh and V Charles Augustin 2022 Cleaner Chemical
Engineering 4 100070

[10] Abdul Rahim N, M Rosdzimin Abdul Rahman, K Amali Bin Ahmad, A Rahim Mat
Sarip, S Hasbullah and A Suhel 2023 Mater. Today. Proc 1

[11] Dharmalingam B, S Balamurugan, U Wetwatana, V Tongnan, C Sekhar, B
Paramasivam, K Cheenkachorn, A Tawai and M Sriariyanun 2023 Fuel 340 127503

[12] Sun B, B Su, Y Zhao, B Xu, Y Xue, H Lin and S Han 2022 J. Mol. Lig. 368 120796



International Conference on Sustainable Energy and Green Technology 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1372 (2024) 012047 doi:10.1088/1755-1315/1372/1/012047

[13] GohBHH, CT Chong, H C Ong, J Milano, A H Shamsuddin, X J Lee and J H Ng
2022 Fuel 315 123178

[14] Milano J, H C Ong, H H Masjuki, A S Silitonga, F Kusumo, S Dharma, A H Sebayang,
MY Cheah and C T Wang 2018 Waste Manage. 80 435

[15] Balajii M and S Niju 2023 Bioresour. Technol. 21 101310

[16] Karmakar B, A Datta, J R Mishra, S L Rokhum and G Halder 2023 Bioresour. Technol.
24 101618

[17] Rozina, M Ahmad and M Zafar 2023 Mater. Today Commun. 35 105611

[18] Ong H C, J Milano, A S Silitonga, M H Hassan, A H Shamsuddin, C-T Wang, T M
Indra Mabhlia, J Siswantoro, F Kusumo and J Sutrisno 2019 J. Clean. Prod. 219 183

[19] Kumar S, P Singh, V Shrivastava, J Kaur Sohal, A Sharma, M Kumar, T Alam and A
Singh Yadav 2023 Mater. Today. Proc 1

[20] Jermolovicius L A, L C Cantagesso, R B Do Nascimento, E R De Castro, EV D S
Pouzada and J T Senise 2017 Chem. Eng. Process.: Process Intensif. 122 380

[21] Allami H A, M Tabasizadeh, A Rohani, A Farzad and H Nayebzadeh 2019 J. Clean.
Prod. 241 117777

[22] Silitonga A S, A H Shamsuddin, T M I Mahlia, J Milano, F Kusumo, J Siswantoro, S
Dharma, A H Sebayang, H H Masjuki and H C Ong 2020 Renew. Energ. 146 1278

[23]  Pullagura G, J Bikkavolu, S Vadapalli, V V S Prasad and K Rama Rao Chebattina 2023
Mater. Today. Proc 1

Acknowledgements

The authors would like to acknowledge the Ministry of Higher Education of Malaysia for their support
through the HICoE grant no. 2022002HICOE, as well as Dato’ Low Tuck Kwong International Energy
Transition Grant under the project code of 202203003ETG. The authors wish to acknowledge the
financial support provided by AAIBE Chair of Renewable Energy, grant no: 201801 KETTHA,
Universiti Tenaga Nasional, Kajang, Selangor, Malaysia. The authors thank 2023 Strategy Research
Support Funding No. 324100.220035 from the University of Technology Sydney, Sydney, Australia,
and DIPA POLMED 2023 supported by Politeknik Negeri Medan, Medan, Indonesia. The authors
would like to thank Prof. Arridina Susan Silitonga (Centre for Technology in Water and Wastewater,
School of Civil and Environmental Engineering, University of Technology Sydney, Ultimo, NSW 2007,
Australia and Center of Renewable Energy, Department of Mechanical Engineering, Politeknik Negeri
Medan, 20155 Medan, Indonesia) for her supervision and resources on this project. The authors would
like to thank Prof. Talal Yusof (School of Engineering and Technology, Central Queensland University,
Brisbane, QLD 4009, Australia and College of Engineering, Almaaqgal University, Basra 61003, Iraq)
for his supervision and funding acquisition on this project. The authors also want to acknowledge
Sunway University and UNITEN for their research facilities.



