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Introduction

Municipal sludge (MS) management remains a major challenge for wastewater treatment plants (WWTP).
Conventional disposal methods such as landfilling, incineration, and land application of treated sludge (biosolids)
face environmental and economic limitations, including high operational costs, greenhouse gas emissions, and
risks of soil and water contamination from pathogens, microplastics, heavy metals, and emerging pollutants.
Hydrothermal liquefaction (HTL), a thermochemical process that operates at high temperatures (250—400°C) and
pressures (4-22 MPa), has emerged as a promising alternative that can convert municipal sludge into low-carbon
biocrude oil and hydrochar, eliminating biosolids disposal. Biocrude oil can be refined into sustainable aviation or
marine fuels, which help to meet the global energy demands. However, large-scale HTL implementation remains
limited by relatively low biocrude oil yields (typically 8—10 wt.% on a wet basis), lower fuel quality due to high
nitrogen, oxygen, and sulphur contents, and the high generation of liquid waste (up to 80% on a wet basis), known
as HTL aqueous phase, containing recalcitrant compounds (Adedeji et al., 2022; Basar et al., 2023).

One promising strategy to improve biocrude yield and quality is co-liquefaction (co-HTL) of municipal sludge
with grease trap waste (GTW). GTW is another problematic municipal waste stream with high lipid content (up to
40 wt.%), combined with lower levels of nitrogen (<1 wt.%) (Hums et al., 2016). GTW is hypothesized to
synergistically enhance both the yield and quality of the biocrude. Additionally, introducing GTW dilutes the
nitrogen and sulphur-rich precursors within the reaction mixture, which is expected to reduce their overall content
in the biocrude. To the best of the authors’ knowledge, no existing literature has studied the co-HTL effect of the
municipal sludge and GTW on the yield and valorisation of products, which has been the main focus of this study.

Materials and method

Mixed municipal sludge (primary: secondary sludge of 50:50 wt.%, total solids (TS) = 3.85%, C = 49%, N = 6.7%,
S =0.5% by wt.) was sourced from a regional WWTP in Delta (BC, Canada). Grease trap waste (GTW, TS = 65%,
C =61.4%, N = 0.35%, S = 0.026% by wt.) was collected by D&L Environmental Services in Kelowna (BC,
Canada), which constitutes the waste from various food service establishments in the city. For each HTL
experiment, a 1 L Parr reactor (heating rate = 5.38°C/min) was loaded with 400.0 £ 0.1 g of blended feedstock
with 20% TS by wt. Co-HTL of the sludge and GTW was conducted at the GTW blending ratios of 0%, 10%, 20%
by wt. (dry basis or db.) of the total feedstock, and HTL reaction conditions of 290°C-15 min, 332°C-16.9 min,
and 350°C-15 min. The reactor was then purged with nitrogen gas to establish an inert atmosphere before heating.
Upon reaching the target temperature, it was held for the desired residence time, and then the reactor was cooled
to room temperature. Once cooled, the aqueous phase was separated using a 0.45 pm membrane filter, and then
the biocrude and hydrochar mixture was separated by washing with dichloromethane solvent. Ultimate analysis
(CHNS) of the HTL products was performed with a Costech ECS 4010 automatic elemental analyzer. Volatile
fatty acids (VFA) were measured by a 7890-gas chromatography system equipped with a flame ionization detector
(Agilent Technologies, USA) using helium as the carrier gas. Total and volatile solids (TS/VS), chemical oxygen
demand (COD), pH, and total phenolics were measured according to the standard methods used in the field.

Results and discussion

Figure 1(a) illustrates the yield distribution of the HTL products: biocrude, hydrochar, aqueous, and gas phases at
different HTL conditions. Under the optimal HTL condition (350°C-15 min), the biocrude yield reached a
maximum of 50.9 wt.% (db.) with a 20% addition of GTW, about 30% increase compared to the yield of 39.1
wt.% (db.) without GTW. During HTL, high lipid content of GTW undergoes hydrolysis to form free fatty acids
and glycerol. The resulting free fatty acids preferentially partition into the biocrude phase, thus increasing the
biocrude yield. Also, GTW has a very low ash content (0.54 wt.%) compared to the sludge cake (8.5 wt.%), which
resulted in a 20-26% reduction in hydrochar production at the maximum GTW blending ratio. As shown in Figure
1(b), GTW influences the overall quality of the produced biocrude by reducing the heteroatom content.
Specifically, the nitrogen and sulphur content in the biocrude decreased by 23-32%. This improvement is primarily
attributed to the dilution effect, as the GTW feedstock contains negligible amounts of nitrogen and sulphur.
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Figure 1(a) HTL product distribution (%wt., db.), (b) nitrogen and sulphur content in biocrude oil (%wt., db.), at
different GTW and municipal sludge mixing ratios and HTL reaction conditions. Testing is pending for the
sample of 350°C -15 min at 20% GTW in section (b).

The characteristics of the aqueous phase are summarized in Table 1. Blending GTW with municipal sludge resulted
in a decrease in the pH of the aqueous phase. This is likely due to the hydrolysis and partitioning of fatty acids
(mainly short chain) from GTW into the aqueous phase. Additionally, the COD of the aqueous phase decreased
with an increase in both reaction temperature and GTW volume. At high yield conditions, the hydrolysed organic
molecules preferentially partitioned into the biocrude, resulting in less COD (as well as total carbon) in the aqueous
phase. There was also a decrease in the phenolics with reaction temperature and GTW, mainly due to the dilution
effect of GTW and the recombination reaction of phenolics into biocrude and hydrochar at higher temperature.

Table 1: Characterization results of HTL aqueous phase samples obtained at different GTW to
municipal sludge mixing ratios and HTL reaction conditions.

Factors Parameters
Rii Reaction Reslidence pH Chemical Total .Total Total VFA®? Total.
temperature time Oxygen Carbon Nitrogen (g/L) Phenolics
(°C) (min) Demand (g/L) (g/L) (g/L) (g GAE"/L)
290 15.0 4.54 80.1+0.6 25.4 4.2 8.16+0.1 1.73£0.04
GOT‘)/{’N 332 169 542 60.0+2 18.8 4.1 9.3040.03  1.30+0.05
350 15.0 6.22 56.2+1 19.0 4.4 9.51+0.09 1.07+0.02
290 15.0 4.52 61.7+1 22.9 3.7 8.04+0.04 1.77£0.04
é%’[ 332 169 523 581404 18.4 39 8224004 133001
350 15.0 5.68 524404 16.5 34 8.95+0.05 1.05+0.01
290 15.0 4.49 5531 19.1 3.0 7.02+0.04 1.54+0.01
égi/;[ 332 16.9 5.15 53.3+0.4 16.7 3.3 7.90+0.02 1.30+0.01
350 15.0 5.53 48.5+0.2 155 3.0 8.40+0.03 1.18+0.01

"sum of acetic, propionic, and butyric acid, "gallic acid equivalent

Conclusion

This study evaluated the potential of mixing grease trap waste with municipal sludge for enhanced resource
recovery. The results showed that under the optimal HTL condition (350°C-15 min), an addition of 20% GTW to
municipal sludge increased the biocrude yield by approximately 30%, while simultaneously producing a higher
quality fuel. This also yielded less hydrochar and an aqueous phase with reduced carbon, nitrogen, and phenolic
content, which may benefit downstream biological treatment processes. Biochemical methane potential assays are
ongoing to recover biogas from high VFA content of HTL aqueous phases from different HTL runs and blending
ratios. This would increase the total energy recovery from feedstock via hybrid biocrude and biogas production.
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