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The	 Potential	 of	 Amine	 to	 Feed	 Flowrate	 Ratio	 for	 Post-Combustion	 Carbon	
Capture	Systems	Using	Aspen	HYSYS

INTRODUCTION	
The relentless increase in anthropogenic greenhouse gas 
emissions, driven primarily by industrial processes and the 
combustion of fossil fuels, poses a profound threat to the global 
environment. This poses a huge threat to human and global 
security. At present, the CO  concentration in the atmosphere 2

has exceeded 400 ppm, which is about 40% higher than before 
industrialisation, and the surface temperature has increased by 
about 0.8 ◦C [1]. The physical, biological, and human systems 
are changing negatively on a global scale. Sea, ice, and snow 
cover levels have dropped by roughly 15%, and as global 
temperatures rise, more diseases are spreading, droughts are 
occurring, and fertile soil is increasingly exposed to 
deserti�ication all of which are typically linked to rising 
emissions of greenhouse gases, including nitrous oxide, 
halocarbons, carbon dioxide (CO ), methane (CH ), and water 2 4

vapour [2].  
Carbon dioxide (CO ), a principal greenhouse gas, plays a pivotal 2

role in the observed climate change, characterised by rising 
global temperatures, extreme weather events, and disruptive 
ecological consequences [3]. As our understanding of the 
implications of climate change deepens, the need for proactive 
measures to reduce and mitigate CO  emissions becomes 2

increasingly urgent.  
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ABSTRACT

This	 investigation	 into	 carbon	 capture	 systems	 using	 ASPEN	 HYSYS	 provides	 signi�icant	 insights	 into	 optimising	 operational	
parameters,	such	as	the	solvent	to	feed	�low	rate	ratio,	and	their	impact	on	energy	consumption	and	economic	feasibility.	The	analysis	of	
separator	temperature	reveals	an	inverse	relationship	with	CO 	capture	ef�iciency,	peaking	at	25°C	due	to	increased	CO 	solubility	at	2 2

lower	temperatures.	However,	ef�iciency	gains	diminish	beyond	this	threshold,	indicating	the	necessity	for	optimal	thermal	management	
in	 the	 separation	process.	Pressure	variations	 similarly	 exhibit	a	peak	capture	ef�iciency	at	approximately	220	KPa,	attributed	 to	
enhanced	CO 	solubility	under	higher	pressures,	though	ef�iciency	declines	at	higher	pressures	due	to	solvent	capacity	limitations	and	2

operational	challenges.	Investigation	into	the	solvent	to	feed	�low	rate	ratio	shows	that	increasing	the	solvent	�low	rate	improves	CO 	2
capture	up	to	a	point,	beyond	which	ef�iciency	gains	taper	off,	 indicating	diminishing	returns.	This	�inding	emphasises	the	need	to	
optimise	solvent	usage	to	balance	capture	ef�iciency	with	energy	and	operational	costs.	Achieving	a	100%	capture	rate	at	a	solvent-to-
feed	�low	rate	ratio	of	7.0	demonstrates	the	potential	of	CCS	technologies,	though	the	economic	and	environmental	implications	of	high	
solvent	usage	require	careful	consideration	for	overall	process	sustainability.

Keywords:	Carbon,	Capture,	System,	Aspen	HYSYS,	Post-Combustion.

Original	Research	Article
ISSN: 3041-5403

Journal Homepage: https://bitsjournal.researchfloor.org/

|	97	to	103.

1 1 1Anyikwa	Sylvester	Obum* ,						Ajoku	Miracle	Victory ,						Ifeyinwa	Calista	Ekeke ,						
1 1 2

Austine	Jessica	Chimdindu ,						Anyanwu	Michael	Chidiebere ,						and	Ukpaka	Chukwuemeka	Peter 	

Citation: Anyikwa Sylvester Obum, Ajoku Miracle Victory, Ifeyinwa Calista Ekeke, Austine Jessica Chimdindu, Anyanwu Michael 
Chidiebere, and Ukpaka Chukwuemeka Peter (2026). The Potential of Amine to Feed Flowrate Ratio for Post-Combustion Carbon 
Capture Systems Using Aspen HYSYS.	Journal	of	Business,	IT,	and	Social	Science.
DOI:	https://doi.org/10.51470/BITS.2026.0 .0 .975 1

06 February 2026: Received | 08 March 2026: Revised | 09 April 2026: Accepted | 06 May 2026: Available Online

Corresponding Author: Anyikwa	Sylvester	Obum	| E-Mail: (sylvester.anyikwa@futo.edu.ng)

Copyright:	This	is	an	open	access	article	distributed	under	the	terms	of	the	Creative	Commons	Attribution	License																		which	
permits	unrestricted	use,	distribution,	and	reproduction	in	any	medium,	provided	the	original	author	and	source	are	credited.

(CC	BY	4.0),

Historically, the scienti�ic recognition of the link between 
industrial activities and climate change dates to the late 19th 
century, with Svante Arrhenius's ground-breaking work on the 
greenhouse effect [4]. However, it was in the latter half of the 
20th century that the industrial-scale release of CO  and its 2

impact on global climate change became evident. International 
consensus and regulatory efforts, including the Kyoto Protocol 
and subsequent climate agreements, have underscored the 
necessity of adopting strategies to reduce carbon emissions. 
According to a number of studies, CO  emissions will linger in 2

the atmosphere for hundreds of years [2]. The main challenge 
for the entire world is how to reduce emissions even more while 
bene�iting the economy and the environment. One of the most 
promising and practical strategies to address this challenge is 
Carbon Capture and Storage (CCS), a technology designed to 
capture CO  emissions from industrial processes and power 2

generation, transport the captured CO  to suitable storage sites, 2

and securely store it underground in geological formations. CCS 
has evolved from theoretical concepts to practical applications, 
with pioneering projects demonstrating its viability and safety. 
These projects, including Sleipner in Norway, In Salah in Algeria, 
and Petra Nova in the United States, have paved the way for the 
global adoption of CCS.  
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Fig.	1:	Carbon	Capture	and	Storage	Technology	Systems	[6]	

Aspen HYSYS, widely recognised and versatile process 
simulation software developed by Aspen Technology, Inc., has 
emerged as a fundamental tool in the �ield of chemical 
engineering and process optimisation. Its capacity to simulate 
complex systems, analyse thermodynamic properties, and 
optimise process designs makes it an invaluable asset for 
engineers and researchers. Its use in simulating CCS processes 
and assessing their feasibility has garnered signi�icant attention 
in recent years, solidifying Aspen HYSYS as the major driver for 
the simulation and optimisation of Carbon Capture and Storage 
systems and positioning it as a pivotal resource in the ongoing 
efforts to address climate change through practical and ef�icient 
solutions [5]. 

The	Carbon	Capture	Storage	Framework	
The CO  sequestration – Carbon Capture and Storage (CCS), may 2

be subdivided into three systems: 
1. CO  capture and compression system. 2

2. Transport system for taking the captured CO  to appropriate 2

locations. 
3. Injection and storage system for its permanent storage away 
from the atmosphere. The various components of CCS are 
depicted in Fig. 2.1. 

Post-combustion capture, the third approach, employs chemical 
or physical absorption to extract CO  directly from the �lue gas 2

stream following combustion [8]. Each of these capture routes 
presents distinct technical and economic trade-offs, and their 
relative maturity varies considerably [8], [9].  
Once captured, the transportation of CO  to suitable geological 2

repositories necessitates substantial infrastructure investment. 
Pipelines remain the most widely adopted mode of transport for 
both onshore and offshore routes, owing to their established 
technology base and cost-effectiveness over medium distances. 
However, shipping becomes economically viable for offshore 
storage sites where pipelines are absent or transport distances 
are prohibitively large, albeit with additional requirements for 
CO  liquefaction and specialized carrier vessels [8].  2

The �inal sequestration stage involves the selection of an 
appropriate storage medium, while considering storage 
capacity, containment security, and long-term risks. Deep saline 
aquifers such as porous rock formations, contains saline water, 
which offers the largest potential storage volume globally. 
Depleted oil and gas �ields represent the second largest storage 
c a t e g o r y  a n d  b e n e � i t  f ro m  d e c a d e s  o f  g e o l o g i c a l 
characterization and monitoring data accumulated during 
hydrocarbon production, which enhances con�idence in their 
containment integrity. Enhanced oil recovery (EOR) sites 
provide a comparatively smaller storage capacity but offer 
short-term economic incentives by improving oil extraction 
yields; however, this revenue stream is �inite and ceases once the 
oil �ield is depleted, with some CO  inevitably being co-produced 2

with the extracted oil. Emerging approaches include enhanced 
coal-bed methane recovery, in which CO  is injected to enhance 2

methane desorption from coal seams, and CO  mineralization, a 2

process that mimics natural weathering by chemically binding 
CO  into stable carbonate minerals such as calcite and limestone, 2

although this remains at an early stage of [8], [9], [10]. 
	
Capture	Technologies	
The terms post-combustion, pre-combustion, and oxyfuel 
combustion refer to a variety of methods for capturing CO [11]. 2 

Pre-combustion, which promotes the high volume at a ratio of 
10:1, is a generally used and very simple method.  

Efforts to enhance the operational dependability of carbon 
capture and storage (CCS) are generally organized across three 
interconnected phases: capture, transport, and permanent 
sequestration [7]. With respect to the initial capture stage, 
fossil-fuel-�ired power stations typically rely on one of three 
primary technological pathways. Pre-combustion capture 
involves gasifying the fuel to produce a synthesis gas from which 
hydrogen and CO  are separated prior to combustion; the 2

hydrogen is subsequently used for power generation while the 
CO  is directed toward storage. Oxy-fuel combustion, by 2

contrast, enriches the combustion atmosphere with oxygen to 
generate �lue gases with a substantially higher CO  2

concentration, thereby simplifying the subsequent separation 
process. 

Fig.	2:	Schematic	diagram	of	possible	CCS	systems	[12]	

On the other hand, the post-combustion approach works well at 
lower CO  streams [13]. Pre-combustion CCS uses an integrated 2

gasi�ication combined cycle in conjunction with a shift reactor to 
convert carbon to CO  [14], [15]. Table 1 lists the various CO  2 2

capture classes and storage. 
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Review	of	Related	Literature	 
The body of research on CO capture using Aspen HYSYS has 2 

extensively covered various aspects of the process, including 
solvent ef�iciency, process optimisation, and economic 
considerations. Studies like those conducted by Ahmed et	 al. 
[17] delved into identifying the most ef�icient amine solvents for 
CO  capture, focusing on absorption capabilities and capture 2

ef�iciencies, where MEA was superior to other amine-based 
solvents. The results obtained also demonstrated that the 
absorber height, solvent circulation rate and reboiler duty have 
the most remarkable effects on the CO  capture ability.  2

Birkelund [18] explored the technical nuances of CO  absorption 2

and desorption, providing a solid technical foundation for 
understanding the process. In his work, three different 
con�igurations were evaluated for post-combustion CO  capture 2

from a combined heat and power plant using chemical 
absorption. The con�igurations evaluated are a standard 
absorption process, a vapour recompression modi�ication, and 
a lean split with vapour recompression modi�ication, with the 
lean split with vapour recompression being too complex and 
having too low �lexibility to achieve converged calculations in 
sensitivity cases.  
Oluwafemi [19] demonstrated a CO  capture process with a CO -2 2

r i c h  � l u e  g a s  f e e d  a n d  a  C O - f r e e  e f � l u e n t  u s i n g 2

Monoethanolamine (MEA) as absorbent, which captures up to 
93% from the stream.  
Lars Erik et	al. [20] focused on the cost of CO  capture using 2

equipment cost data from Aspen In-plant and optimum 
conditions for the heat exchanger and number of plates in the 
absorber to maximise carbon capture.  
However, despite the valuable insights into cost estimation done 
also by Dehghanizadeh [21] and the speci�ic focus on coal-based 
power plants in studies like Eviani et	al. [22], there remains a 
gap in comprehensive analysis that combines process ef�iciency, 
economic viability, and environmental sustainability with an 
emphasis on optimising operational parameters such as the 
solvent to feed �low rate ratio and energy comparison to 
economic value of captured Co . 2

Table	1:	Different	classes	of	CO2	capture	and	storage	

Fig.	3:	Simpli�ied	diagram	illustrating	the	three	main	approaches	to	carbon	capture	
[16]		

MATERIALS	AND	METHOD	
The model utilised was simulated using the �lue gas data 
obtained from the Re�inery Fluid Catalytic Cracking (FCC) Unit 
[19]. The plant was assumed to operate at steady state. The 
process was simulated using ASPEN HYSYS v.11 with the Acid 
Gas-chemical solvent �luid package. Figure 4 to 11 shows 
screenshots of major steps in carried out in the simulation 
environment. The process �low sheet is shown in �igure 4.9. 

Figure	4:	component	Selection

Fig.	5:	Selection	of	�luid	package	

Fig.	6:	DCC	worksheet
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In the comprehensive analysis of the simulation outcomes 
facilitated by Aspen HYSYS, detailed insights into the process's 
operational ef�iciency are presented. Table 2 delineates the 
characteristics and compositions of the feed stream. Following 
this, Table 3 elucidates the properties and compositions of the 
product stream, illustrating the transformation achieved 
through the process. Table 4 presents an exhaustive account of 
the material streams, cataloguing the �lows within the system. 
The intricacies of material transitions and conservation are 
further expounded in Table 5, where a detailed material 
balances is provided, offering a quantitative evaluation of input-
output relationships. Lastly, Table 6 consolidates the energy 
balance, providing a critical assessment of energy conservation 
and ef�iciency within the system. 

Fig.	7:	Column	Absorber	Worksheet	

Fig.	8:		Heat	Exchanger	�luid	Speci�ication	

Fig.	9:	Heat	Exchanger	Worksheet

Fig.	10:	Regenerator	Worksheet	

Fig.	11:	Separator	worksheet

Fig.	12:	Simulation	Process	Flow	sheet

Table	2:	Feed	Stream	Analysis	

Table	3:	Product	Stream	Analysis	
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Table	4:	Material	Stream	Analysis	

Table	5:	Material	Balance	Analysis	
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Table	6:	Energy	Balance	Analysis	

RESULTS	AND	DISCUSSION	
Analysis of the effect of temperature and pressure of the 
separator vessel on the percentage of captured CO was also 2 

carried out. This was made possible using case studies where 
the percentage captured CO  was assigned as an independent 2

variable while varying the temperature and pressure of the 
separator vessel. Figure 13 and 14 shows the graph obtained 
when the data obtained was plotted.	

Fig.	13:	Effect	of	Temperature	of	Separator	on	Captured	Co2	

Fig.14:	Effect	of	Pressured	of	Separator	on	Captured	CO2	

Temperature of Separator Vessel (�C)

Furthermore, a major research gap which is the optimum feed to 
amine �lowrate was examined using a case study. The Feed 
�lowrate was held constant and the ratio of Amine to feed 
�lowrate was varied from 2.8 to 7.0. The resulting mole fraction 
of CO  in sweet gas was tabulated for each ratio and is 2

summarized in �igure 15 Formula for ratio is: 

Fig.	15:	Amine	to	feed	�lowrate	Analysis	

The outcomes of this investigation highlight signi�icant �indings 
that contribute to narrowing the identi�ied research gap in 
optimising the solvent to feed �low rate ratio, its impact on 
energy consumption, and the economic implications of CO  2

capture. Notably, the variation in temperature and pressure of 
the separator, which is central to the separation of hydrous CO2 
from steam and CO , indicates a complex relationship between 2

these operating conditions and the ef�iciency of CO  capture.  2

The observed inverse relationship between the separator 
temperature and the percentage of captured CO , as shown in Fig 2

o13 with an ef�iciency peak at 25 C, underscores the critical role 
of lower operating temperatures in enhancing CO  capture. This 2

phenomenon can be attributed to the increased solubility of CO  2

in the solvent at lower temperatures, which facilitates a more 
effective separation process. However, the concave downward 
curve as temperature increases suggests a diminishing return 
on CO  capture ef�iciency beyond a certain temperature 2

threshold. This �inding is essential for optimising the thermal 
management of the separation process, balancing the need for 
ef�icient CO  capture with the practical limitations imposed by 2

thermal energy requirements.  
Similarly, the pressure variation results, �ig 14, exhibiting a peak 
capture ef�iciency at approximately 220 KPa, illuminate the 
pressure-dependency of CO  capture processes. The initial 2

increase in capture ef�iciency with pressure can be explained by 
the enhanced physical solubility of CO  in the solvent under 2

higher pressures. Nonetheless, the subsequent decline in 
ef�iciency, even if at a slower rate, points to the diminishing 
bene�its of increased pressure, likely due to the limitations of 
solvent capacity and potential operational challenges at higher 
pressures.  
The analysis of the solvent-to-feed �low rate ratio reveals a 
critical insight into the diminishing ef�iciency gains with higher 
ratios. The exponential decay curve in �ig 15 associated with this 
variable indicates that while increasing the solvent �low rate 
relative to the feed can enhance CO  capture, the ef�iciency gains 2

taper off, highlighting a point of diminishing returns. 
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This observation is pivotal for optimising solvent usage, where 
an excessive increase in solvent �low rate may not justify the 
marginal improvements in capture ef�iciency, especially when 
considering the associated energy and operational costs.  
The �indings related to the mole fraction of CO  in the sweet gas 2

further illustrate the effectiveness of optimising the solvent to 
feed �low rate ratio. The achievement of a 100% capture rate at a 
ratio of 7.0, albeit at the cost of increased solvent usage, presents 
a signi�icant milestone for CO  capture technologies. However, 2

the economic and environmental implications of such high 
solvent usage warrant careful consideration, particularly in the 
context of the overall sustainability of the capture process. 
 
CONCLUSION		
This investigation provides key insights into optimising the 
solvent to feed �low rate ratio, impacting energy consumption 
and the economic feasibility of CO  capture systems. The study 2

highlights the importance of operating conditions, revealing 
that CO  capture ef�iciency peaks at a separator temperature of 2

25°C and a pressure of 220 kPa. Lower temperatures enhance 
CO  solubility in the solvent, while optimal pressure levels 2

maximise capture ef�iciency without signi�icant diminishing 
returns. 
The analysis also indicates diminishing ef�iciency gains with 
increasing solvent to feed �low rate ratios, emphasising the need 
to balance enhanced CO  capture with associated energy and 2

operational costs. Achieving a 100% capture rate at a ratio of 7.0 
underscores the potential for high ef�iciency, though it 
necessitates careful consideration of economic and 
environmental impacts. 
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