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Figure 2: Simplified black diagram of a biomass hydrothermal liquefaction process
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Hydrothermal liquefaction (HTL) is potentially an economically viable thermochemical

process for breaking down lignocellulosic biomass, which usually contain moisture,

without requiring drying of the material prior to liquefaction or a catalyst, tailored to the

structure of a particular organic material. Although recent techno-economic studies done

in this area included the main process units and associated operating and capital costs,

it is frequently highlighted the limited data available, resulting in several broad

assumptions for key unit operations. In addition, there are many other sources of

uncertainty that could impact the economic viability of the process, such as the variability

in the composition of the feedstock and the volatility of fuel prices in the next 20 years.

The objective of this project is to develop the process model in gPROMS and use its

Global Sensitivity Analysis tool to quantify the impact of these uncertainties in the

economic KPI’s, such as NPV, internal rate of return or minimum fuel selling price, and

make recommendations for future technological improvements.

A tubular reactor model was developed in gPROMS, integrating kinetic data from the

different isolated fractions of lignocellulosic biomass (cellulose, hemicellulose and lignin). In

addition, the gSAFT equation of state was incorporated into the model to accurately predict

the properties of water around its critical point.

Process models include:

✓ Physical properties (gSAFT)

✓ Heuristic correlations

✓ Mass/energy balances

✓ Validation using:

✓ FLUENT simulation data (Fig. 3)

✓ Experimental data from HTL rig (Fig. 7)

Figure 3: CFD simulation of citric acid degradation 

using ANSYS FLUENT
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➢ An integrated HTL kinetic model is proposed to predict the overall conversion of

lignocellulosic biomass as well as the yield of its main decomposition products.

➢ Information publicly available on biomass composition, fuel prices and fuel taxes was

sufficient to quantify uncertainty of these factors in the GSA study.

➢ The integrated framework developed in this work; composed of the experimental rig,

CFD modelling, gPROMS process modelling and techno-economic GSA; allows the

analysis and development of all aspects of this biomass-to-fuel process: from the first-

principle chemistry of the HTL reaction up to the future economic scenarios of oil prices.

Figure 1: Lignocellulosic biomass hydrothermal liquefaction reactional steps

Figure 4: User-defined normal distribution in factors: diesel price (left) and cellulose content (right)

Figure 5: Probability distribution of responses: NPV (left) and minimum fuel selling price (right)

Figure 6: Effect of uncertainty in responses: minimum fuel selling price (left) and HTL reactor conversion (right)

➢ Main source of uncertainty resides in the extraction of the water-soluble products.

➢ The probability of NPV being higher than zero is ~80% (initial investment ~$200M).

➢ There is a 77% probability of MFSP being between $0.64 - 0.79 L-1 ($2.42 - 3.00 gal-1).

➢ Factor uncertainty based on both fuel price trends and biomass composition databases.

Figure 7: HTL experimental rig (right); detailed reactor diagram (left)

➢ Fill in key data gaps by running HTL kinetic experiments in the custom built rig.

➢ Perform CFD simulations in FLUENT to ensure the validity of perfect mixing assumptions.

➢ Integrate new data into gPROMS model and quantify its impact in the process economics.
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