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Abstract: The continuous tightening of legislation regulating the agricultural usage of sewage sludge in the 

province of Catalonia (Spain) leads us to propose its gasification to produce hydrogen-rich syngas. A 

thermodynamic equilibrium model was developed using Aspen Plus® to simulate the air and steam gasification 

of sewage sludge from a wastewater treatment plant in Catalonia. The syngas generated is analyzed in terms 

of composition and lower heating value (LHV), as a function of equivalence ratio (ER), gasification 

temperature, steam-to-biomass ratio (SBR), and moisture content (MC). Results show that air-blown 

gasification finds the highest LHV of 7.48 MJ/m3 at 1200ºC, ER of 0.2, and MC of 5%. Using steam as the 

gasifying agent, an LHV of 10.30 MJ/m3 is obtained at SBR of 0.2, MC of 5%, and 1200ºC. A maximum of 69.7% 

hydrogen molar fraction is obtained at 600ºC, MC of 25%, and SBR of 1.2. This study suggests using steam as 

a gasifying agent instead of air since it provides a higher LHV of the syngas as well as a hydrogen-richer syngas 

for the implementation of gasification as an alternative method to sewage sludge treatment in the region of 

Catalonia. Since the economic aspect should also be considered in this regard, our sensitivity analysis provided 

important data demonstrating that it is possible to reduce the gasification temperature without significantly 

decreasing the LHV. 

Keywords: Gasification; Syngas; Hydrogen; Sewage sludge; Aspen Plus 

 

1. Introduction 

The development of today’s society is closely linked to two very important aspects, energy, and 

environmental sustainability. Conventional energy conversion systems use fossil fuels and are 

associated with greenhouse gas emissions and other atmospheric pollutants. These negative 

environmental impacts are increasing due to the growing demand for energy. The progressive 

depletion of fossil fuels and the growing concern about global warming and climate change have 

driven the search for renewable energy generation techniques. In addition to the growing energy 

demand, another consequence of the pace of development of today’s society is the increase in waste 

generation, there being a great concern to manage them in a sustainable and economically viable way. 

For these reasons, it is reasonable to think that one of the ways to make the development of society 

energetically and environmentally sustainable is the use of the maximum waste for energy 

production, since the benefit would be twofold: waste would be reduced and at the same time the 

consumption of natural resources would be reduced by producing and using an alternative energy.  

Sewage sludge (SS) is one of the wastes whose production has significantly grown. Due to 

urbanization, industrialization, population expansion, an increase in the proportion of people using 

the sewer system, and better wastewater treatment facilities, the rate of sewage sludge (SS) creation 

is rising globally. Sewage sludge is a hazardous waste, which is produced by wastewater treatment 

plants (WWTPs) [1,2]. The management and disposal of the large amount of sewage sludge generated 

are increasingly complicated due to the strict conditions imposed by current legislation regarding its 

disposal in landfills and its use as an agricultural fertilizer [3]. Currently, 92.5% of Catalonia’s sewage 

sludge, of the total 120,000 tons of dry matter produced annually, is destined for soil application and 

2.5% for landfill [4]. For this reason, the implementation of new ways of valorization of sludge that 
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cannot be destined to agriculture and/or landfills is relevant. One of these ways is gasification in order 

to produce syngas which could be used to produce chemicals, alternative fuels, hydrogen or 

combined head and power (CHP). The sewage sludge gasification process involves multiple 

reactions and transformations and is therefore considered a complex process. Thus, it is useful to use 

simulation models that help to study the system behavior and allow predicting the process efficiency 

under different operating conditions with high reliability and low cost [5]. There are numerous 

process simulation software tools, among which Aspen Plus stands out for its flexibility and intuitive 

handling have been used by several authors. 

Given that supercritical water gasification has emerged as preferred means of converting wet 

biomass to hydrogen-rich gases [6], sewage sludge has been studied almost exclusively resorting to 

supercritical water gasification. For example, Qian et al. [7] experimentally investigated the effects of 

moisture and pressure on mole fraction, yield, gasification efficiency of gaseous products from 

supercritical water gasification of sewage sludge. Ruya et al. [8] simulated the supercritical water 

gasification of various sewage sludge for power generation in Aspen Plus. Chen et al. [9] studied the 

sewage sludge gasification in supercritical water with high heating rate batch reactor. Hantoko et al. 

[10] evaluated through experimental and thermodynamic analysis, the potential of sewage sludge for 

hydrogen-rich syngas production from supercritical water gasification. In this work, the sewage 

sludge will be subjected to autothermal gasification, which, as discussed by Ramos et al. [11] requires 

the feedstock to be exposed to a drying process. 

The thermochemical techniques for hydrogen production from biomass were reviewed by 

Pandey et al. [12]. They found that the literature confirms that hydrogen obtained from biomass has 

high-energy efficiency and potential to reduce greenhouse gases. They also found that higher 

temperature, suitable steam to biomass ratio and catalyst type favor useful hydrogen yield. However, 

hydrogen is not available in sufficient amounts and production cost is still high. The hydrogen 

production costs issue based on three different gasification processes of high-moisture forest residues 

was studied by Martins et al. [13]. They found that supercritical water gasification is the most suitable 

process for hydrogen production, with hydrogen yields of 0.844 Nm3/kg. Hydrogen yields of 0.828 

Nm3/kg, and 0.758 Nm3/kg were achieved for the conventional gasification and plasma gasification 

processes, respectively. Conventional gasification is viable for steam-to-biomass ratios below 3. 

Process intensification techniques applied to supercritical water gasification make this process viable 

for feed concentrations between 15 and 25%. Alves et al. [14] develop a techno-economic analysis for 

a small-scale gasification plant processing mixtures of solid recovered fuels and sewage sludge, 

assuming a capacity of 883 kg/h and two different sale scenarios: production of electric energy, and 

production of hydrogen. Gasification tests and mass and energy flow analyses were carried out for 

the economic assessment. The results showed that both scenarios presented viability for 

implementation. Although the production of electric energy scenario was more attractive in the short-

term period due to the lower payback period and higher internal rate of return, the other option was 

more favorable at the end of plant’s life once the net present value was greater. The exploration of 

conventional gasification of sewage sludge is a recent topic of research, mostly experimental studies. 

Kang et al. [15] explored the catalytic gasification of sewage sludge using activated carbon and 

sawdust biochar catalysts, bed temperatures, and gasifying agents. The effects of the porosity of 

activated carbon on tar adsorption and cracking, and biochar containing alkali and alkaline earth 

metallic species were investigated. A catalyst bed temperature of 800ºC and particle size of 0.5-1.7 

mm showed optimum conditions for increasing H2 and CO content and decrease CO2 fraction. The 

injection of steam had a positive effect on the H2 amount, owing to the enhancement of water gas 

shift and hydrocarbon steam reforming reactions. Tezer et al. [16] experimentally studied sewage 

sludge gasification carried out in two different fixed bed gasifiers, updraft and downdraft. The effect 

of temperature, gasification agents (air and pure oxygen), and their different flow rates on gasification 

efficiency are investigated. The maximum hydrogen content in syngas from updraft and downdraft 

gasifiers was achieved as 42 vol.% and 46 vol.% by using dry air as gasifying agent. Hydrogen content 

for updraft and downdraft gasifiers was also obtained as 40 vol.% and 45 vol.%, respectively in the 

case of pure oxygen. Carotenuto et al. [1] developed a numerical model of sewage sludge gasification, 
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based on a restricted chemical equilibrium approach in Aspen Plus. The novelty of this work consists 

of considering different sludge samples. The developed gasification model is used to identify 

optimum temperature (900°C) and equivalence ratio (0.2) through sensitivity analyses. Then the 

model is used to assess the combined heat and power generation potentiality of sewage sludge by 

integrating a gasifier with an internal combustion engine. They found that the energy recovery from 

sewage sludge through the proposed solution may supply near 50% of electrical energy demand to 

run wastewater treatment plants and from 60 to 75% of thermal energy needed for thermal drying of 

mechanically dewatered sewage sludge for gasification. Andrés et al. [3] performed sewage sludge 

gasification assays in an atmospheric fluidized bed reactor using air and air-steam mixtures as the 

gasifying agents. The objective of this study is to determine the influence of dolomite, olivine and 

alumina catalysts in the product distribution and tar production during sewage sludge gasification. 

They show that dolomite has the highest activity in tar elimination, followed by alumina and olivine. 

In addition to improving tar removal, the presence of water vapor and the catalysts increased the 

content of hydrogen in the gases by nearly 60%. 

This briefly state-of-the art shows that the sewage sludge conversion to hydrogen-rich gas is 

mostly approach using the supercritical water gasification. The economic studies on the high-

moisture biomass also shows that conventional gasification is more suitable to the economic viability 

of a gasification plant producing hydrogen. Therefore, in this work, a thermodynamic equilibrium 

model has been developed using Aspen Plus® to simulate the air and steam gasification process of 

sewage sludge from a wastewater treatment plant in Catalonia (Spain). The main contribution of this 

work is to determine the potential of sewage sludge for hydrogen-rich gas production and provide 

fundamental data for economic studies of the implementation of this waste-to-energy technology. 

2. Materials and Methods 

2.1. Aspen Plus Model Description 

The model developed in this work is based on the thermodynamic equilibrium model. This 

model is independent of the gasifier design and is based on the minimization of the Gibbs free energy 

of the system. The gasifier is represented by multiple blocks, as seen in Figure 1, that correspond to 

the different phases of the gasification process: the feed drying, the decomposition or pyrolysis and 

the gasification itself. The configuration starts by defining the components involved in the process. 

For the conventional components the RKS-BM property method, abbreviation of Redlich-Kwong-

Soave equation of state with Boston Mathias modifications, is defined [17]. For nonconventional 

components, biomass and ash, the only physical properties calculated are enthalpy and density as 

they do not participate in chemical or phase equilibrium. In this simulation, HCOALGEN and 

DCOALIGT models are used to calculate the enthalpy and density of biomass and ash based on the 

proximate, ultimate and sulphur analysis. 

 

Figure 1. Sewage sludge gasification model using air as the gasifying agent. 

The first stage of the process occurs in the DRIER where the evaporation of moisture is 

simulated. It is necessary to define the water coefficient as 1/18 in the stoichiometric reactor (RStoic) 

unit, since the molecular weight of biomass and water are 1 g/mol [18] and 18 g/mol, respectively. In 

addition, a Fortran subroutine calculator is implemented to control this drying process. The second 
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stage occurs in the PYROLI where biomass is converted into its main components C, H, O, N, S, and 

ash, by specifying the yield distribution according to the biomass ultimate analysis. A Fortran 

subroutine calculator is implemented to control the decomposition. The resulting stream is directed 

to SEP where C, H2, H2O, O2, N2 are separated from the ash content which is discarded. The mixture 

is redirected to GASIF, where the reactions take place with the oxidizing agent, giving rise to the 

synthesis gas (GASFINAL). 

2.2. Aspen Plus Model Validation 

In order to validate the results of the developed model, the composition of the syngas is 

compared with the experimental results of Ong et al. [19] and with a kinetic model developed by 

Rabea et al. [20]. Both studies are based on the same biomass and conditions as the present study. 

The biomass used is wood chips, and the gasifying agent for the analysis is air. The ultimate and 

proximate analyses are presented in Table 1. 

Table 1. Proximate and ultimate analysis of wood chips [20]. 

Proximate analysis (wt.%) Ultimate analysis (wt.%, dry basis) 

MC VM FC Ash C H N O 

8.35 74.8 18.4 6.8 43.75 5.75 1.65 42.05 

Figure 2 presents the molar fractions of the gas composition produced from the proposed model 

and the kinetic model of Rabea et al. [20] against the experimental results of Ong et al. [19] with an 

air flow rate of 7 l/s and a biomass flow rate of 16.2 kg/h at a gasifier temperature of 995ºC. 

 

Figure 2. Comparation of syngas produced composition. 

Relative error is used to determine the deviations between results and verify if the model is 

overestimating or underestimating them based on whether the relative error is positive or negative. 

The relative error is calculated as expressed in Eq. (1) and is present in Table 2. 

(%) 100(%)
Aspen Plus value Literature value

Relative error
Literature value

−
= 

 
(1) 

Relative errors below 25% are obtained for the main syngas species. Methane (CH4) is not 

included in the comparison due to the near-zero molar fractions. The greater relative errors are 

obtained for CO2, which occur frequently in thermodynamic equilibrium models [21]. Besides that, 

the experimental work of Ong et al. [19] does not provide an error analysis which could reduce the 

relative errors of the comparison. 

Table 2. Syngas composition and relative error between the present model, Rabea et al. [20] kinetic 

model and the experimental data of Ong et al. [19]. 

Species 

Gas composition (vol.%) 
Relative 

error (%) 

Gas composition (vol.%) 

Relative error (%) Present 

model 

Rabea et al. 

[20] 

Present 

model 

Ong et al. 

[19] 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 February 2024                   doi:10.20944/preprints202402.0804.v1

https://doi.org/10.20944/preprints202402.0804.v1


 5 

 

CO 20.67 18.60 -11.13 20.67 17.30 -19.50 

CO2 8.53 10.60 19.53 8.53 11.40 25.16 

H2 16.50 16.80 1.76 16.50 17.30 4.62 

These results indicate that the Aspen Plus-developed model can reproduce well the 

thermodynamic behavior of the gasification process, especially for the hydrogen molar fraction (< 

5%), providing an effective tool for further estimations. 

2.3. Aspen Plus Model Improvement 

Since it is intended to perform the sensitivity analysis for both air and steam, a selector (SELT) 

is added to the model to easily switch from one gasifying agent to another. In addition, a separator 

(SEP1) is added at the gasifier outlet, which basically separates the components of interest from those 

that are not of interest. The final model used to perform both sensitivity analyses is shown in Error! 

Reference source not found.. 

 

Figure 3. Sewage sludge gasification model improvement to use air or steam as the gasifying agent. 

2.4. Sewage Sludge Characterization 

Dried sewage sludge was selected as waste biomass material for this study. Their origin is from 

an urban wastewater treatment plant in Catalonia (Spain), which proximate and ultimate analysis 

are presented in Table 3. 

Table 3. Proximate and ultimate analysis of sewage sludge from a wastewater treatment plant in 

Catalonia (Spain) [3]. 

Proximate analysis (wt.%) Ultimate analysis (wt.%, dry basis) 

MC VM FC Ash C H N O S 

7.0 46.0 10 44 27.3 4.8 4.1 18.9 0.9 

The main chemical reactions that are performed in the gasification process and enthalpy of 

formation are depicted in Table 4. 

Table 4. Main biomass gasification reactions [22,23]. 

Reaction Chemical reaction  Enthalpy of formation  

R1 - Carbon combustion C + O2 → CO2 ΔH = -394 J/mol 

R2 - Partial oxidation C + ½ O2 → CO ΔH = -111 J/mol 

R3 - Hydrogen combustion H2 + ½ O2 → H2O ΔH = -242 J/mol 

R4 - Boudouard reaction C + CO2 ↔ 2CO ΔH = 172 J/mol 

R5 - Reforming of the char C + H2O ↔ CO + H2 ΔH = 131 J/mol 

R6 - Water-gas shift CO + H2O ↔ CO2 + H2   ΔH = -41 J/mol 

R7 - Methanation C + 2H2 ↔ CH4 ΔH = -75 J/mol 

R8 - Steam methane reforming CH4 + H2O→ CO + 3H2    ΔH = 206 J/mol 
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3. Results and Discussion 

3.1. Evaluation Using Air as the Gasifying Agent 

The composition and LHV of the syngas will be analyzed as a function of different process 

parameters: equivalence ratio, gasification temperature, and moisture content. The same conditions 

used for model validation (6.2 kg/h of sewage sludge and a gasifier temperature of 995°C) were used 

in this assessment, except for the gasification temperature. 

3.1.1. Effect of Equivalence Ratio 

The ER is defined as the ratio of the air-to-biomass ratio to the stoichiometric air-to- biomass 

ratio [24]. The ER was adjusted by varying the air flow rate into the Gibbs reactor. Figure 4 shows the 

effect of the ER on the syngas composition and LHV. 

 

Figure 4. Effect of ER on syngas composition and LHV when using air as the gasifying agent. 

Figure 4 shows that an increase in the ER leads to a decrease in H2 production due to a lower 

magnitude of the reforming reaction (R5) and the water-gas shift reaction (R6) versus the combustion 

reactions (R1, R2, and R3). The molar fraction of CO and CH4 decreases because of the higher presence 

of oxygen, which promotes the oxidation of the carbon in the sewage sludge and part of the 

combustible gases to produce CO2, which explains the increase of this compound in the syngas [3,25]. 

The reduction of H2, CO, and CH4 content leads to lower heating values in the produced syngas. 

Similar trends for the different syngas species with ER can be found in stated literature [26,27]. 

3.1.2. Effect of Gasification Temperature 

According to Le Chatelier’s principle, high temperatures favor the products of endothermic 

reactions and reactants in exothermic reactions [28]. Figure 5 shows the effect of the gasification 

temperature on the syngas composition and LHV. 

  

Figure 5. Effect of the gasification temperature (Tgas) on syngas composition and LHV when using 

air as the gasifying agent. 

Figure 5 shows that the molar fractions of CO and H2 increase while CO2 and CH4 decrease due 

to the Boudouard reaction (R4), the reforming of the char reaction (R5), and the steam methane 
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reforming reaction (R8) that are enhanced with increasing temperature. The change in H2 trend may 

be due to the mutual effect of the reactions taking place in the gasifier. The water-gas shift reaction 

(R6) is successful at lower temperatures, creating syngas that is rich in H2, but it is hampered at 

temperatures above 720 °C because the reverse reaction is encouraged, which reduces the amount of 

H2 that is produced. Since CO increases more than H2 drops, LHV increases with temperature above 

700°C along with H2 and CO. Similar trends for the different syngas species with temperature can be 

found in [28,29]. 

3.1.3. Correlation between Variables 

The following assessment examines the correlation between the process parameters 

temperature, ER, and moisture content (Figure 6) to determine the optimal conditions that maximize 

the LHV of the produced syngas. 

  

Figure 6. Combined effect of temperature and ER (left) and temperature and moisture (right) on the 

LHV of syngas. 

Figure 6 shows that the lower the ER, the lower the temperature required by the gasifier to 

produce syngas with near the same LHV. This result is of great interest since the lower the 

temperature, the lower the energy, and the lower the operational expenditures. For example, an ER 

of 0.29 at Tgas = 1000ºC produces syngas with the same LHV as an ER of 0.24 at Tgas = 600-700ºC. It 

can also be observed in Figure 6 that the lower the MC, the lower the temperature required by the 

gasifier to produce syngas with virtually the same LHV. For example, sewage sludge gasification 

with a MC of 15% at Tgas = 1200ºC produces syngas with almost the same LHV as sewage sludge 

with a MC of 10% at Tgas = 600-700ºC. It is known that moisture content considerably affects the 

gasification process because the water is vaporized in the reactor, absorbing heat, and reducing the 

temperature, while the generated steam can react with other compounds [30]. The obtained trends 

for the effect of moisture content on the LHV of the syngas are confirmed by the literature [30,31]. 

3.2. Evaluation Using Steam as the Gasifying Agent 

The composition and LHV of the syngas will be analyzed as a function of SBR, gasification 

temperature, and moisture content. The same conditions used for model validation (16.2 kg/h of 

sewage sludge and a gasifier temperature of 995°C) were used in this assessment, except for the 

gasification temperature. 

3.2.1. Effect of Steam-to-Biomass Ratio 

Since more steam is added with increasing the SBR, it enhances the water-gas shift reaction (R6) 

and steam reforming reaction (R5) which result as an increase of H2 and CO molar fractions [28]. 

However, the CO concentration will decrease due to the water-gas shift reaction (R6) (since the 

temperature is 995ºC), which reduces the CO molar fraction concentration by reacting with the steam 

and increasing H2 and CO2 concentrations as seen in Figure 7. 
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Figure 7. Effect of SBR on syngas composition and LHV when using steam as the gasifying agent. 

Regarding the CH4 molar fraction, represents a very low percentage of the syngas composition 

and decreases very slowly as SBR increases, an expected behavior resulting from the steam methane 

reforming reaction (R8) reaction of the syngas. The LHV decreases with SBR because of CO 

decreasing more than H2. Similar results for the different syngas species and LHV as a function of 

SBR can be found in [28,32]. 

3.2.2. Effect of Gasification Temperature 

One of the most important parameters influencing syngas composition is gasification 

temperature. Because the main reactions of gasification are endothermic, raising temperature 

strengthens them [27]. Figure 8 shows that the mole fractions of CO and H2 increase up to 600°C 

because the reforming of the char reaction (R5) and the Boudouard reaction (R4) are endothermic 

and, therefore, the temperature increase causes an increase in CO and H2. The water-gas shift reaction 

(R6) is the dominant reaction above 750°C, so CO increases while CO2 and H2 decrease. Reactions 

(R5) and (R4) contribute to the increase in CO above 800°C. CH4 reduction is dictated by the 

methanation reaction (R7) and the steam methane reforming reaction (R8). 

  

Figure 8. Effect of temperature on syngas composition and LHV when using steam as the gasifying 

agent. 

The LHV decreases until reaching the temperature of 700ºC because CH4 decreases more than 

H2 increases, but from then on, the LHV follows a clear increasing trend as H2, and CO continue to 

increase while CH4 keeps very low values. It can be said that the higher the temperature, the higher 

the LHV, but this does not imply higher H2. Similar trends for the different syngas species and LHV 

as a function of temperature can be found in [33,34]. 

3.2.3. Correlation between Variables 

The following assessment examines the correlation between the process parameters SBR, 

gasification temperature, and moisture content. The objective is to find the optimal conditions that 

maximize the syngas quality in terms of heating value and H2 content. Figure 9 shows the combined 

effect of SBR and gasification temperature on the LHV and H2 content of the syngas. 
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Figure 9. Combined effect of SBR and temperature on LHV (left) and H2 (right) of syngas. 

The results of Figure 9 (left) show that the lower the SBR, the lower the temperature required by 

the gasifier to produce the same LHV. As mentioned before, lower temperatures are beneficial for the 

operational expenditures’ reduction. On the other hand, in Figure 9 (right), it can be seen that the 

higher the SBR, the lower the temperature required by the gasifier to produce similar H2 molar 

fractions. Figure 10 shows the combined effect of the sewage sludge moisture and temperature on 

the LHV and H2 content of the syngas. 

  

Figure 10. Combined effect of SBR and temperature on LHV (left) and H2 (right) of syngas. 

It can be observed that the lower the moisture content, the lower the temperature required to 

achieve similar LHV values. On the other hand, to obtain higher H2 molar fractions, the higher the 

MC, the higher the H2 molar fraction. The condition in which the maximum H2 production is reached 

for high moisture content (20%) at a temperature of 700ºC. As has been reported elsewhere [30,35], 

higher moisture contents promote a slight increase in the H2 molar fraction. This behavior can be 

explained based on the water-gas shift reaction (R6). When more moisture is present, CO levels 

decrease through their consumption, which subsequently raises the H2 content [36]. Regarding the 

effect of moisture content in the LHV, it can be seen that higher moisture contents lead to the decrease 

of LHV. Similar trends for LHV as a function of moisture can be found in the literature [30,31]. Figure 

11 shows the combined effect of SBR and sewage sludge moisture content on the LHV and H2 of the 

syngas. 

  

Figure 11. Combined effect of SBR and moisture on LHV (left) and H2 (right) of syngas. 
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From Figure 11, it can be deduced that the higher the MC and the higher the SBR, the higher the 

LHV and H2 values, but no relationship between MC and SBR is observed. The presence of moisture 

has a similar effect to that of steam addition. 

4. Conclusions 

In this work, a thermodynamic equilibrium model was developed using Aspen Plus® to simulate 

the air and steam gasification processes of sewage sludge from a wastewater treatment plant in 

Catalonia (Spain). A sensitivity analysis to various process parameters was performed to determine 

the optimal conditions for higher calorific value of the syngas and higher hydrogen molar fractions. 

Air-blown sewage sludge gasification finds the highest LHV conditions under the minimum 

sewage sludge moisture content and equivalence ratio (and high temperature). Specifically, under 

conditions of ER = 0.2, MC = 5%, and Tgas = 1200ºC, it generates a syngas with a calorific value of 7.48 

MJ/m3. On the other hand, using steam as the gasifying agent, the lower the SBR and the lower the 

MC, the higher the LHV (at high temperature). Working at SBR = 0.2, MC = 5%, and Tgas = 1200ºC 

generates syngas with a calorific value of 10.30 MJ/m3. 

Under optimal operating conditions that maximize the LHV of the syngas and considering a 

moisture content of 7% in the dried sewage sludge, the LHV of the syngas is 7.37 MJ/m3 and 10.26 

MJ/m3 when using air and steam as the gasifying agents, respectively. 

The hydrogen molar fraction is maximized when steam is used as the gasifying agent in 

combination with high moisture contents of the sewage sludge, high steam-to-biomass ratios, and 

low gasification temperatures. Particularly, a moisture content of 25%, an SBR of 1.2, and a 

temperature of 600°C allow for a maximum H2 molar fraction of 69.7%. 

From a technical point of view, for the implementation of gasification as an alternative method 

to sewage sludge treatment in the region of Catalonia (Spain), the present project suggests using 

steam as a gasifying agent instead of air since it provides a higher LHV of the syngas as well as a 

hydrogen-richer syngas. However, the economic aspect should also be considered when proposing 

such a paradigm shift to the sewage sludge treatment method. In this regard, our sensitivity analysis 

provides precious information regarding some gasification parameters that could be reduced without 

prejudice to the quality of the syngas while reducing operational expenditures. Our study 

demonstrated that the gasification temperature can be reduced without significantly decreasing the 

LHV (e.g., with an SBR of 0.2, MC of 7%, and Tgas = 1100ºC, the LHV is 10.15 MJ/m3 while with the 

same conditions but Tgas = 1200ºC, the LHV is 10.26 MJ/m3). Other examples can be given for 

moisture content and SBR ratio. Because these parameters are energy-intensive, it is worthwhile to 

reduce the sewage sludge pre-drying or inject less steam into the gasifier. Further studies should be 

carried out such as a cost-benefit study, which can be made using the developed tool. The main 

contribution of this work is to determine the potential of sewage sludge for hydrogen-rich gas 

production and provide fundamental data for economic studies of the implementation of this waste-

to-energy technology. 
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