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Abstract 

Hydroprocessed esters and fatty acids sustainable aviation fuel (HEFA-SAF) 

represents the most commercially mature low-emission alternative to standard Jet A-

1, yet burner-scale evidence linking fuel composition to gaseous emissions and 

emission indices (EI) across lean-to-rich combustion remains scarce, especially for 

HEFA-rich blends. This study employs FAA-certified NexGen burner and gas 

analyser to measure fuel-normalized EI-CO, EI-CO₂, EI-NOₓ and EI-SO₂ for pure 

Jet A-1 (B0), HEFA-SAF (B100) and three blends (B50J50, B70J30, B90J10) across 

twelve equivalence ratios (φ = 0.50-1.44). HEFA blending improved major fuel 

properties: lower density and viscosity, lower freezing point (−57°C for camelina 

HEFA), higher flash point and gravimetric energy density (~43.7 MJ/kg). EI-CO 

reached its peak for B0 but plunged to 0.010 g/kg for B100, while EI-NOₓ fell from 

0.198 g/kg (B0) to 0.014 g/kg (B100) at φ = 1.17. For HEFA-rich blends, increasing 

SAF content reduced EI-CO and increased EI-CO₂. These results deliver a 

composition-aware dataset supporting emissions benchmarking and blend 

optimisation for certification under ICAO’s CORSIA framework. 

1. Introduction 

Civil aviation accounts for 2-3% of global anthropogenic carbon dioxide (CO₂) 

emissions, with non-CO₂ climate forcers (NOₓ, soot, contrails) compounding its 

overall warming contribution [1]. Regulators, including International civil aviation 

organisation (ICAO), Carbon offsetting and reduction scheme for international 

aviation (CORSIA) scheme and the European Union (EU) ReFuel Aviation mandate, 

demand substantial lifecycle greenhouse gas (GHG) reductions, placing sustainable 

aviation fuels (SAFs) at the centre of near-term decarbonisation strategy. The 

Hydroprocessed Esters Fatty Acids (HEFA) pathway - hydroprocessing fats and oils 

through deoxygenation, cracking and isomerisation - is the most commercially 

available SAF route [2], approved up to 50 vol.% blend with Jet A-1 under ASTM 

D7566 Annex 1. HEFA-SAFs are paraffinic, near-zero in Sulphur, and low in 

aromatics, properties that jointly reduce non-volatile particulate matter (nvPM), 
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carbon monoxide (CO) and sulphur dioxide (SO₂) emissions compared to standard 

Jet A-1 [3,4]. Recent studies on engine test rigs report nvPM number reductions of 

up to 90% and mass reductions of up to 75% with 30% HEFA blends [4], and 

gaseous CO and HC reductions at moderate blend levels [5]. Despite these advances, 

critical research gaps persist, no burner-scale study has simultaneously characterised 

CO₂, CO, NOₓ and SO₂ concentration and emission indices for HEFA-rich blends 

(>50 vol.%) against pure fuels under controlled equivalence-ratio (φ) ranges. This 

study addresses this gap by employing a United States federal aviation 

administration (FAA) -certified NexGen burner and gas analyser to measure fuel-

normalized EIs for all fuels of B0, B100, B50J50, B70J30 and B90J10 across φ = 

0.50-1.44. 

2. Experimental Methodology 

2.1 Fuels and Blend Preparation 

Five fuel samples were tested: B0 (pure Jet A-1), B100 (pure HEFA-SAF, camelina-

derived, sourced from TotalEnergies France), and three volumetric blends - B50J50 

(50/50), B70J30 (70/30) and B90J10 (90/10 vol.% HEFA/Jet A-1). Blends were 

prepared by volume and stirred magnetically for 15 minutes. The blend ratios span 

the current ASTM D7566 certification ceiling (B50J50) and two super-ceiling 

compositions (B70J30, B90J10) relevant to the ASTM D4054 fast-track 

qualification pathway under consideration by ICAO CAEP/12. Physicochemical 

properties (Table 1) confirm that HEFA addition lowers density, kinematic 

viscosity, freezing point and aromatic content; while increasing gravimetric energy 

density, flash point and smoke point compared to Jet A-1.  

2.2 NexGen Burner and Gas Analyser 

The FAA-certified NexGen burner (conical section, 16 cm height, 28 cm diameter) 

reproduces fire conditions representative of real aviation accident scenarios and 

provides controlled fuel-air combustion conditions comparable to aircraft engine 

combustors [6]. Fuel mass flow rate was fixed at 0.019 kg/s; combustion air flow 

was varied from 0.55882 to 0.19404 kg/s using a BOGE C20L screw compressor to 

span φ = 0.50-1.44 across 12 test points (lean, stoichiometric and rich regimes). Each 

test comprised a 30 s pre-test, a 2-minute stable main test, and a 30 s post-test. 

Exhaust gases were sampled via a 9.1 m heated probe positioned at the plume centre 

and analysed using a calibrated ECOM-J2KNPro NDIR gas analyser (±0.2% O₂, 

±2% CO, ±5% CO₂/NOₓ/SO₂). Flame stability was confirmed by monotonically 

evolving thermocouple profiles (Tmax≈ 1040-1118°C). 

2.3 Emission Index Calculation 

Fuel-normalised emission indices (EI, g pollutant kg⁻¹ fuel) is calculated from 

measured ppm concentrations Cₚₚₘ, molar mass M, molar volume at STP (22.4 L 

mol⁻¹), fixed fuel mass flow rate ḝₘᵤᵉᵍ and exhaust volumetric flow rate at STP 

(Qexhaust, L s⁻¹): 
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𝐸𝐼 =
𝐶ppm×10⁻⁶ ×𝑄𝑒𝑥ℎ𝑎𝑢𝑠𝑡  ×𝑀

22.4×𝑚̇fuel
      [𝑔 𝑘𝑔⁻¹ 𝑓𝑢𝑒𝑙]                                     (1) 

Molar masses used: CO = 28.01, CO₂ = 44.01, NOₓ = 46.01, SO₂ = 64.07 g mol⁻¹. 

 

Table 1. Selected physicochemical properties of test fuels (ASTM D1655 limits). 

 

Property (units) ASTM 

Method 

B0 (Jet 

A-1) 

B100 

(HEFA) 

B50J50 B70J30 B90J10 

Density @ 15°C 

(kg·m⁻³) 

D4052 840 760-

800 

786 798 786 

Energy density 

(MJ·kg⁻¹) 

D3338 42.8 43.5-

44.1 

- 43.49 43.70 

Freezing point (°C) D2386 −47 −49 to 

−57 

- - - 

Flash point (°C) D93/D56 38 40-45 52 - - 

Sulphur (wt.%) D4294 0.04 0.001 - - - 

Total aromatics 

(vol.%) 

D6379 14.01 <0.2 7.9 ≈ 4.6 ≈ 1.5 

C/H ratio (mass-

weighted) 

D3343 6.14 5.62 5.86 5.78 5.68 

3. Results and Discussion 

3.1 Emission Index Analysis 

Fuel-normalised EI reveal pollutant decreases with HEFA blending. EI-CO for B0 

was 0.811 g/kg fuel at φ = 1.26, an order-of-magnitude higher than B100 (0.007 

g/kg). For B50J50, EI-CO value is 0.466 g/kg (φ = 0.50) to 0.018 g/kg (φ = 1.44). 

Among blends, EI-CO decreased consistently with HEFA content: B90J10 exhibits 

the lowest CO emissions across the ϕ range, with EI value of 0.020 g/kg fuel at ϕ > 

1.26, supporting SAF’s ability to reduce local air pollutant exposure during low-

thrust (taxi/idle) operations. EI-CO₂ showed the inverse trend, increasing with HEFA 

content and confirming improved combustion completeness. EI-NOₓ peaked for all 

fuels near φ = 1.17; B0 reached 0.198 g/kg vs 0.014 g/kg for B100 at this point, 

demonstrating suppression of thermal NO formation by HEFA. Among blends, EI-

NOₓ increased with SAF fraction (B90J10, at lean-to-stoichiometric conditions), 

pointing to altered heat-release profiles and the CO-NOₓ compromise inherent in 

paraffinic combustion. EI-SO₂ scaled with fuel sulphur: B0 EI-SO2 was higher at 

lean conditions compared to B100. For HEFA-rich blends, the non-monotonic EI-

SO₂ pattern (highest for B90J10) highlights the need for per-aliquot sulphur assays 

(ASTM D7039 or D5453) at blend ratios ≥70 vol.% HEFA. B70J30 emerges as the 
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most balanced blend, suggesting CO reduction alongside moderate control of NOₓ 

and SO₂. 

4. Conclusions 

This study delivered a single-platform, FAA-NexGen-burner dataset for fuel-

normalised emission indices for HEFA-SAF and three blends (50-90 vol.% HEFA) 

across twelve equivalence ratios. Major conclusions are: 

(1) HEFA blending reduced density, viscosity and aromatic content while increasing 

gravimetric energy density (up to 43.70 MJ/kg), flash point and smoke point, 

improving handling safety and cold-flow performance. 

(2) EI-CO value was higher for B0 compared to B100; the same increasing trend was 

recorded for EI-NOₓ and EI-SO₂ for B0 relative to B100, directly reflecting HEFA’s 

near-zero sulphur content. 

(3) For HEFA-rich blends, increasing SAF content reduced EI-CO and increased EI-

CO₂, indicating improved carbon oxidation, but increased EI-NOₓ and EI-SO₂, the 

latter attributed to intra-batch sulphur variability from variable 

hydrodesulphurisation (HDS) efficiency in the camelina hydroprocessing step. 

(4) B70J30 offers the most balanced compromise between CO reduction and 

NOₓ/SO₂ control; relevant to ICAO CAEP/12 blend-limit extension mandate. 

Future work should measure nvPM size distributions, conduct per-aliquot sulphur 

assays for HEFA-rich blends, and integrate optical diagnostics to spatially resolve 

Zeldovich NOₓ formation zones. 
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