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ABSTRACT 
Utilizing sustainable energy sources is crucial for expanding the range of solutions available to 
meet the growing energy demand and reducing reliance on environmentally damaging and deplet-
ing conventional fuels. Biosolids, a type of biomass, are generated as secondary effluent during 
wastewater treatment process in municipal and industrial sites. These solids possess the potential 
to serve as a sustainable energy source due to their richness of carbon. For an extended period, 
biosolids have been landfilled, even though it can be considered a wasteful use of a precious 
resource and a possible mean for contamination to the food supply chain. This has served as an 
extra impetus to investigate the potential for harnessing the capabilities of these substances. 
While many research studies have looked at different ways to put biomass waste to use, very little 
has been written on biosolids, especially those derived from industrial sources. This research as-
sesses the feasibility of transforming GTL derived biosolids into value-added commodities that 
can serve as raw materials in chemical manufacturing or be employed energy generation. The 
study primarily examines widely recognized thermal conversion processes, pyrolysis and gasifi-
cation. An evaluation is carried out to analyze the economic, technological, and environmental 
aspects of the treatment methods utilizing these technologies. The aim is to demonstrate the po-
tential of GTL biosolids conversion and to determine associated costs and environmental impacts. 
The ASPEN simulation tool is utilized to model thermal treatment pathways, allowing for the gen-
eration of economic and environmental estimations for each route. 
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INTRODUCTION 
  Biosolids are a significant waste stream that is dis-

charged from wastewater treatment plants and water 
management facilities around the world. Although biosol-
ids have traditionally been regarded as a waste by-prod-
uct and disposed of in landfills for many years, current 
research has demonstrated that they possess significant 
value as a result of their nutrient and energy content [1, 
2]. They are now formally classified as renewable 
sources of energy because of the energy value derived 
from their organic component [3, 4]. The utilization of bi-
osolids for energy generation has a significant potential 
to promote a circular economy and reduce environmental 
waste [4]. Possible uses for the recovery of mass and en-
ergy from biosolids include using them as fertilizer for 

land, composting, anaerobic digestion, combustion, gas-
ification, pyrolysis, and hydrothermal treatment. These 
applications transform biosolids into valuable resources, 
such as composts for nutrients or biofuels and char for 
energy. Each of these uses necessitates a designated 
preliminary treatment to prepare the biosolids stream. 
The treatment of biosolids is a significant obstacle in wa-
ter management and treatment plants due to the sub-
stantial electrical and operational expenses involved. 
These costs make up 20% and 53% respectively of the 
total wastewater treatment process [1]. Pyrolysis and 
gasification are two thermal conversion methods that 
have great potential for transforming biosolids into prod-
ucts that have increased value.  

Pyrolysis is a process that involves the combination 
of thermal cracking and catalytic conversion. It is 
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conducted at relatively moderate temperatures (400 – 
700 oC) and atmospheric pressure [5]. The process of 
producing bio syngas, oil, and fuel char from biosolids in-
volves heating them in an oxygen-free environment [6, 
7]. Gasification is a combustion process that involves 
burning biosolids with a limited amount of oxygen or air 
at very high temperatures that can reach up to 1200 oC 
and 0.6-2.6 MPa. Conceptually, this technology has re-
semblance to pyrolysis, albeit it differs by utilizing a sub-
stoichiometric oxygen input and operating at considera-
bly higher temperature settings [8].  

Considerable research is readily accessible that ex-
amines the costs and economic evaluations of treating 
and reusing biosolids. AlNouss et al. performed a tech-
noeconomic assessment of biomass gasification for hy-
drogen production[9]. Ghiat et al. provided a comprehen-
sive economic analysis of a biomass gasification system 
that is combined with power generation and carbon diox-
ide recovery. The analysis was conducted using aspen 
simulation software [10]. [11] conducted a study on the 
techno-economic factors of power generation using bio-
gas produced by gasifying biosolids, utilizing actual data 
from a facility [11]. However, there is a scarcity of re-
search that has examined the process of converting bio-
solids produced by industrial facilities in oil and gas sec-
tor. 

This study assesses the feasibility of transforming 
GTL industrial biosolids into high-value products through 
gasification and pyrolysis processes. Analytical investi-
gation is conducted to compare the technological, eco-
nomic, and environmental aspects of two treatment 
methods in order to identify the demonstrate efficient 
paths for treating GTL derived biosolids. The conversion 
processes are simulated using Aspen process simulation 
tool. 

PROBLEM STATMENT 
Gas-to-liquids (GTL) technology transforms natural 

gas, which is the most environmentally friendly fossil fuel, 
into premium liquid products that are typically derived 
from crude oil. The process produces biosolid waste 
streams that need to be treated to uncover their energy 
potential and reduce the need for solid waste manage-
ment.  

To assess the feasibility of treating a continuous 
flow of GTL biosolids, which includes information on 
flowrate, solid content, and moisture content, it is neces-
sary to examine the viability of employing thermal pyrol-
ysis and gasification methods. Additionally, it is crucial to 
quantify the costs and environmental impacts associated 
with these treatment approaches. 

ASPEN MODEL 

Process Flowsheet 
The diagram in Figure 1 depicts the process of con-

verting GTL biosolids through pyrolysis and gasification, 
as simulated using Aspen Plus. The primary feed stream 
consists of GTL generated biosolids. The thermo-chemi-
cal parameters of the GTL biosolids have been deter-
mined using proximate and ultimate analysis, as de-
scribed in the study by Zuhara et al. [12]. The character-
istics are succinctly outlined in Table 1. Figure 1 describes 
the pyrolysis flowsheet. The initial step involves the 
treatment of biosolids in a decomposition unit, which is 
simulated using the Ryield reactor model in Aspen Plus. 
The device disassembles the non-conventional flow of 
biosolids into its primary elemental components, namely 
hydrogen, oxygen, carbon, nitrogen, and sulfur. The out-
put of this unit is sent to the pyrolysis reactor, which is 
simulated using the RGibbs reactor model. This model 
uses Gibbs energy minimization to estimate the products 
produced by the reactions. Subsequently, the pyrolysis 
products are sent to a separator, where the resultant gas 
is isolated from the solid phase products, namely ash and 
char. After the separation process, the gas undergoes a 
cooling process, which leads to the retrieval of biogas as 
the final outcome.   

Table 1: GTL biosolids proximate and ultimate analysis 
[12]  

Proximate Analysis  
Moisture 

Volatile matter 
Ash 

Fixed carbon 

 
 
 
 

Ultimate Analysis  
C  
H 
O 
N 
S 

 
 
 

- 
 

The gasification flow sheet illustrated in Figure 2, diverts 
the elemental components produced in the decomposi-
tion unit to an alternative treatment pathway. Post de-
composition, a solid separation unit is used to initially 
separate ash and char products from the gas stream. 
Subsequently, the gas stream leaving the separation unit 
is combined with steam and air before being introduced 
into the gasification reactor. Steam and air act as gasifi-
cation agents in this process. The gasifier is simulated 
using the RGibbs reactor model. The gasifier products 
undergo a cooling process and are subsequently sepa-
rated in a solid separation unit to obtain biogas and char 
products.  

 



 

Elfaki et al. / LAPSE:2024.1599 Syst Control Trans 3:726-731 (2024) 728 

The simulation utilized thermodynamic calculations 
employing the Peng Robinson property method with the 
Boston modification to improve the accuracy of estimat-
ing the properties of non-conventional inputs, specifically 
GTL biosolids and Ash. The operational parameters are 
concisely outlined in Table 2. 

RESULTS AND DISCUSSION 
The simulation model was constructed under the 

assumption of steady-state operation under atmospheric 
pressure, disregarding pressure variations throughout 
unit operations and heat dissipation in gasification and 
pyrolysis units.  

Table 2 Pyrolysis and Gasification flowsheet operation 
conditions 

 
The model presupposes that the char consists en-

tirely of solid carbon. 
The simulation model was executed using a feed 

flowrate of 2000kg/hr of GTL biosolids, as described by 
the provided approximate and ultimate analysis. Prior to 
being sent to the conversion units, pyrolysis and gasifier, 
the decomposition unit transformed the nonconventional 
biosolid material into its primary components. After the 
conversion has taken place, The solid splitters were used 
to separate the ashes and char, while the resulting biogas 
was pre-cooled to recover heat before being collected as 
the end product. The composition of the biogas stream 
was analyzed to determine the amounts of syngas and 
methane generated during the process. These gases are 
commonly used for energy production or as raw materials 
in downstream petrochemical processes.  The accumu-
lated ash can be beneficial in several applications for ma-
terial utilization, such as in the manufacturing of cement. 

Char, in its solid state, is a useful energy source that can 
be used for carbon sequestration and land reclamation, 
depending on its specific properties [13]. The production 
rate of each of these components is illustrated in Figure 
3.  
 

 
Figure 3. Production rate of various thermal conversion 
products for GTL biosolids feed 

The findings exhibited total transformation of the bi-
osolids into biogas, char, and ash. Upon analyzing the 
syngas composition in the effluent of the two processes, 
it is observed that gasification yields 1029 Kg/hr of car-
bon monoxide (CO) and 121 Kg/hr of hydrogen (H2). The 
generation of CO has increased by approximately 50%, 
while the production of H2 has increased by approxi-
mately 15% compared to pyrolysis. The increase in syn-
gas creation was achieved at the cost of a 48% decrease 
in CH4 output during gasification. The overall quantity of 
ash exiting the process remains constant in both process 
outlets, as they possess identical characteristics and re-
ceive the same amount of biosolids feed with a predeter-
mined nonconventional ash content, according to the ap-
proximate and ultimate analysis of GTL biosolids. Gasifi-
cation is preferred over pyrolysis when considering the 
use of biosolids as an extra feedstock stream for a pet-
rochemical plant. 

Post process simulation, Aspen program was used 
to conduct a technoeconomic and environmental assess-
ment of the two processes. The model employs the inte-
grated economic analyzer and environmental analysis 
tool. The tool provided estimates for the financial ex-
penses, capital and operational costs of both scenarios 
and presented the greenhouse gas (GHG) emissions as 
carbon equivalents, measured in terms of their ability to 
contribute to global warming (GWP) [14]. The capital cost 
encompassed equipment cost estimation via an inte-
grated unit operation mapping and equipment sizing 
methodology. Figure 4 below provides a concise sum-
mary of the cost estimation analysis and the CO2 equiva-
lent emissions for the two conversion scenarios. 

Parameter Unit Value 
 

Biosolids Feed 
Feed flowrate  Kg/hr   
Temperature  oC  

 
Pyrolysis 
Inert flowrate Kg/hr  
Inert temperature oC  
Pyrolysis unit temperature oC  
Decomposer temperature oC  

 
Gasification 
Air flowrate Kg/hr  
Air temperature oC  
Gasifier temperature oC  
Decomposer temperature oC  
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Figure 4. Cost estimation and GHG emissions from 
biosolids pyrolysis and gasification processes 

 The results indicate that the capital cost for biosol-
ids gasification is around $4.6 million, which slightly ex-
ceeds the capital required for pyrolysis by 8%. The dis-
crepancy can  be rationalized by the disparity in unit op-
erations employed in each scenario's flowsheet and the 

chosen materials capable of withstanding the operational 
temperatures of the conversion units. The model allo-
cated suitable utilities to the various unit operation as per 
the required duties and pressure and temperature 
ranges. In order to meet the conversion process require-
ments in both scenarios, three primary utility categories 
were chosen: fuel, cooling water, and power. The overall 
operational cost, with utility expenses being the primary 
factor, showed an insignificant variance between the two 
scenarios. The anticipated cost for pyrolysis was $2.09 
million per year, while the cost for the other method was 
$1.97 million per year. The CO2 emissions depicted in Fig-
ure 4 exhibit a significant disparity in emissions between 
pyrolysis at a rate of approximately 1800 kg/hr and  gas-
ification 900 kg/hr. According to this model, pyrolysis re-
sults in double the amount of gasification GHG emissions. 
In gasification, the conversion process results in the pro-
duction of additional CH4 and CO2. However, these gases 
are then further converted into H2 and CO products, 
which helps to reduce greenhouse gas emissions from 
the process side of operation. 

 
Figure 1: Biosolids pyrolysis flowsheet developed in Aspen Plus 

 

 
 
 
 
Figure 2: Biosolids gasification flowsheet developed in Aspen Plus 
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CONCLUSION 
Biosolids are a valuable byproduct that must be ef-

fectively treated in order to be utilized. There is a dearth 
of research exploring the possibilities of utilizing indus-
trial biosolids in literature. This study focuses on examin-
ing the transformation of biosolids derived from GTL 
(Gas-to-Liquid) into biogas products, specifically hydro-
gen (H2), carbon monoxide (CO), and methane (CH4). The 
investigation is conducted through the utilization of an 
Aspen simulation flowsheet that has been specifically de-
veloped for this purpose. Two primary thermal conver-
sion pathways have been developed, which involve the 
integration of gasification and pyrolysis processes. Gasi-
fication emerges as the ideal method for treating biosol-
ids and using them as an additional source of feedstock 
in a petrochemical plant. The results suggest that gasifi-
cation produces greater amounts of carbon monoxide 
(CO) and hydrogen (H2) in comparison to pyrolysis, which 
is beneficial for specific industrial uses. Gasification re-
duces methane (CH4) emissions, while maintaining effec-
tive conversion of biosolids into biogas, char, and ash.  

 The Aspen software allows for technoeconomic 
and environmental studies, which offer additional in-
sights. Although gasification has a somewhat larger initial 
investment compared to pyrolysis, the ongoing expenses 
for both techniques are practically the same. This implies 
that although the initial cost for gasification may be 
slightly greater, the operational effectiveness and long-
term advantages compensate for this disparity. The en-
vironmental impact connected with each activity is of 
paramount significance. Gasification exhibits a notable 
superiority over pyrolysis in relation to greenhouse gas 
emissions since it leads to reduced emissions of carbon 
dioxide (CO2) equivalents. The decrease in emissions is 
credited to the transformation of excess methane and 
carbon dioxide into hydrogen and carbon monoxide, ef-
fectively reducing greenhouse gas emissions from the 
operational process.  

Ultimately, when it comes to utilizing biosolids as an 
extra input for petrochemical operations, gasification 
proves to be a beneficial choice. Gasification, despite 
having somewhat higher initial costs, has better conver-
sion efficiency, similar running expenses, and reduced 
environmental effect when compared to pyrolysis. 

In conclusion, this study demonstrates the capacity 
to transform industrial biosolids wastes into a viable en-
ergy source or valuable raw material, while simultane-
ously reducing the amount of solid waste generated. 
These findings provide valuable insights for decision-
making processes as it enables well-informed judg-
ments regarding biosolids treatment strategy that 
achieves a balance between the efficiency of conver-
sion efficiency, economic feasibility, and environmental 
impacts. 
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