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Abstract— Crude oil emulsion formation has been a challenging problem in the oil and gas industry. This is normally formed when
water is present in crude oil during production and transportation of crude oil, thus, reducing the quality of the crude oil. This could
cause problems to the processing facilities and as well increase the cost of operation as it needs to be treated. In this study, bottle
test method was conducted using three conventional demulsifier; xylene, sulphuric acid and commercially available demulsifier
(CAD), to compare its efficiency to a locally formulated demulsifier at various temperatures, concentrations and time. It was
observed from the results that the commercially available demulsifier (CAD) produced a better result in separating a higher volume
of water compared to the other demulsifiers used, as it was able to remove a volume of 3.1ml of water at 600C and 0.4ml of
demulsifier concentration. An economic analysis was conducted on the four demulsifers using the production index, internal rate of
return (IRR), payback period and net present value (NPV) as the economic parameters for this study. It was observed from the
results gotten that the local demulsifer gave a higher value of NPV, IRR, and PI, indicating the possibility of reducing cost and
making it the most lucrative choice.
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1. INTRODUCTION

Crude oil is a dark viscous liquid that originates from fossilized remains of plants and animals transformed over millions of years
through geological processes. It comprises of resins, asphaltenes and napthenic acid which acts are natural emulsifiers that enhances
the stability of an emulsion. An emulsion is simply a system that consist of two phases namely; the dispersed phase (water) and
continuous phase (oil). The presence of water in crude oil is formed when there is a presence of an emulsifier and a significant amount
of energy or agitation to aid the mixing of the two immiscible fluids. crude oil and water emulsions can occur at various stages during
drilling, production, transportation and processing of crude oils and in many locations such as in hydrocarbon reservoirs, wellbores,
surface facilities, transportation systems and refineries [1]. These immiscible fluids are readily emulsified by the simultaneous action
of pressure and shear reduction at the wellhead, valves and chokes [2]. Although, emulsions cannot be easily broken due to the
emulsion being stable caused by several factors. Some of the causes of the stability of the emulsion are agitation, the grain size,
surfactant, effect of PH, the composition of brine, viscosity, and temperature [3]. Emulsion in the production field can be classified
into three types, water in oil (W/O), oil in water (O/W), and complex emulsion (multiple/complex) [3]. Amongst all these types of
emulsion, the water in oil emulsion is mostly encountered in the oil and gas industry. Although, Oil in water emulsion is very rare,
deliberately produced to reduce the viscosity of highly viscous crude oil so that they can be transported easily through pipelines [4].
Transporting and manufacturing companies do not receive emulsions because it is highly capable of producing a stable composition,
unless well treated, leading to many problems, especially in the process of refining [5]. For this reason, it is pertinent that the water
present in crude oil be removed or separated from the crude oil. This can be achieved through a process known as demulsification.
Demulsification can be defined as a process where an emulsion is broken down into its two components or phases. This can be done
using chemical, electrical, mechanical or thermal method of demulsification [6]. Amongst all these methods, the chemical method
of demulsification is mostly used due to its cost effectiveness and simplicity by the addition of chemicals. Demulsification can be
done in various stages before the emulsion can be broken into its two phases [7]. This includes the stage of flocculation and
coalescence. In the stage of flocculation, the water droplets begin to collide due to an increase in temperature. These collision leads
to the formation of aggregates. This does not fully break the emulsion as these water droplets could go back to its individual droplets
[8]. The stage that succeeds flocculation after the formation of an aggregates is the stage of coalescence. Here, the aggregates formed
from the former stage comes together to form a larger droplet that settles at the bottom of the separating vessel. This then separates
the emulsion into its different components (water and oil) [9].

Over the years, conventional demulsifier has been used to achieve this goal. But it has its own limitations, as it poses threat to the
environment and marine life when the water separated from the crude oil is disposed [10]. To this effect, locally formulated
demulsifiers have come in very handy. This involves the synthesis of active ingredients from locally sourced raw materials [11].
With this connection, a local demulsifier was produced to evaluate the effect of concentration, temperature and speed on the
demulsification of water in oil emulsion.

www.ijeais.org/ijeais
56



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 10 October - 2025, Pages: 56-65

2. MATERIAL AND METHOD
2.1 Material

The materials used for this study are alum, castor oil, locally sourced liquid soap, camphor, sodium chloride, potassium chloride,
SLS, distilled water, xylene, sulphuric acid, and commercially available demulsifier (CAD).

2.2 Method

Preparation of Local Demulsifier

30ml of castor oil was measured with a measuring cylinder and poured into a beaker. The beaker was placed on the hotplate
stirrer to stir it at 2rpm for 2mins. Afterwards, 12g of camphor was added to the oil and was stirred for 3mins. 5g of alum was added
and stirred for 5Smins before 50ml of the local liquid soap was added to the entire mixture and stirred for additional 5mins at S5rpm
and at 100°c. Table 1 gives a tabular representation of the steps together with the functions of each of the materials.

Table 1 : Materials utilized for the Preparation of the local Demulsifier

S/N Materials function Quantity
1 Castor oil Lipophilic Agent 30ml
2 Camphor Solvent for Lipophilic Agent 12g
3 Alum To facilitate settling of sediments Sg
4 Locally Sourced Liquid Soap It Serves as a Binder for 50ml
Hydrophilic and Lipophilic End.

Preparation of Brine Solution
300ml of water was measured and poured into a beaker. This was placed on the hotplate and stirrer then 7.5g (2.5g /100ml of
water) of sodium chloride was added to the mixture and stirred for 1 min at a speed of 5rpm. 1.5g (0.5g /100ml of water) of potassium
chloride was added to the mixture and stirred. 3g (1g /100ml of water) of SLS was also added to the entire mixture and it was stirred
for 5 min to ensure that they are well mixed at 5 rpm at 25°C. Table 2 represents the tabular representation of all the materials used
and its quantity.
Table 2: Materials utilized for the preparation of brine solution

S/N Material/Apparatus Quantity
1 Sodium chloride (Nacl) 7.5g (2.5g/100ml of water)
2 Potassium chloride (Kcl) 1.5g (0.5g /100ml of water)
3 SLS 3g (1g /100ml of water)
4 water 300ml

Preparation of Crude Qil Emulsion
200ml of crude oil was measured and transferred into a beaker. Then 300ml of the brine solution was then added to the crude
oil and the entire mixture was placed on a hotplate stirrer where it was set to stir the mixture at 10rpm for 15mins at 25°. After
thorough mixing, the mixture was placed in a separating funnel where it was allowed to settle for 48 hours under room temperature
and the volume of free water gotten was measured and recorded. The volume of entrapped water in the crude oil was measured by
subtracting the volume of free water from the original volume of water.
Table 3: Materials utilized for the Preparation of Emulsion

S/N Materials Quantity
1 Crude Oil Sample 200ml
2 Brine solution 300ml
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Fig. 1. The emulsion prepared

Physiochemical Properties of the Crude Oil

The Specific Gravity, APl Gravity, Viscosity, density and temperature tests were conducted on the crude oil. The density test
was conducted using the density bottle and the viscosity test was done using the Ostwald viscometer. The following formulas were
used to calculate the density, API, specific gravity and viscosity:

, Weight,; —Weight

Densttyoi, — Inloil+bottle GNntpottle (1)
Volume,;;

P . Density,;;
Specific Gravity,; = ———— 2
P f Yoil Densitywater ( )

1415
API°@Temperature = —— — 131.5 3
@ p Specific Gravity ( )
Habsolute = Hkinematic * Tavg (4)

Demulsification
The demulsification process was done using the bottle test method. Here, the 50ml of emulsion to be broken is poured into the
4 centrifuge test tubes where varying concentration of the four demulsifiers will be added to assess the performance of the demulsifier
at various temperatures and time. The four demulsifiers that was used for this experiment consist of three conventional demulsifiers;
xylene, sulphuric acid and commercially available demulsifier (CAD), and one local demulsifier. The proposed time interval,
concentration and temperature to be used for this experiment can be shown in table 4.
Table 4: Proposed time, Concentration and Temperature

S/N Concentration Temperature Time
1 0.2ml 30°C Smin
2 0.4ml 60°C 10min
3 0.6ml 90°C 15min

3. RESULTS AND DISCUSSION

3.1 Physiochemical Evaluation
Table 5 shows the results gotten from the experiments conducted to know the physiochemical properties of the crude oil and
emulsion.

Table 5: Physiochemical Properties of the Crude Oil and emulsion
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S/N Properties Values
1 Crude oil Emulsion API 33.23
2 Crude oil Emulsion Viscosity 2.732
3 Pure Crude Oil API 33.99
4 Pure Crude Oil Viscosity 4.421
5 Specific gravity / density of crude oil 0.855
6 Specific gravity / density of emulsion 0.859
7 Temperature 32°%

From the above results, it can be seen that the API gravity of the crude oil was 33.99 meaning the crude oil is a light crude. The drop
in API gravity from 33.99 to 33.23, when water was present shows us the effect of oil present and how it can reduce the quality of
the crude oil, and of course, the price as well. From the viscosity of the crude oil and emulsion, it dropped from 4.421 to 2.732. The
drop in the viscosity also shows the presence of water molecules in the crude oil. There was also a drop in the density showing that
the presence of water has made the crude oil less dense than usual.
3.2 Demulsification performance
Table 6 to table 9 shows the demulsification performance of 0.2ml and 0.4ml of xylene (XY), local demulsifier (DEF), commercially
available demulsifier (CAD) and sulphuric acid (SO4) at 1000rpm-30°C and 1000rpm-60°C. The table also shows the quantity of
water separated (ml) after 5mins, 10mins and 15mins of observation time.
From the plots and the tables below, it was observed that at 1000RPM, 30°c, and at 0.2ml, the quantity of water separated from the
emulsion increased as the time interval increased. This is in line with the study of . A further increase in temperature and
concentration had a higher water efficiency. This observation is in line with the theories governing the demulsification as an increase
in concentration and temperature will lead to an increase to the volume of water removed. This is in line with the study of [,
Table 6: Volume of water separated at 30°C at 0.2ml

1000RPM 30°¢ 0.2ML

Time XY DEF CAD SO-4
5 0.25ml | 0.7ml 2ml 2ml
10 0.5mli 1.2ml 2.4ml 2.6ml
15 1,0ml 1.7ml 2.8ml 2.6ml

Table 7: volume of water separated at 60°C at 0.2ml
1000RPM 60°¢ 0.2ML

Time XY DEF CAD SO-4
5 Iml 2ml 2.8ml 2.8ml
10 Iml 2.1ml 3ml 2.8ml
15 1.2ml 2.4ml 3ML 2.8ml

Table 8: volume of water separated at 30°° at 0.4ml

1000RPM 30°C 0.4ML
Time XY DEF CAD SO-4
5 1.5ml 2ml 3ml 2.8ml
10 1.7ml 2ml 3ml 2.8ml
15 1.75ml 2ml 3ml 3ml

Table 9: volume of water separated at 60°C at 0.4ml
1000RPM 60°¢ 0.4ML
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Time XY DEF CAD SO-4
5 1.4ml 2.2ml 3ml 2.8ml
10 14ml | 23ml | 3.1ml 2.85ml
15 1.4ml 2.4ml 3.1ml 3ml

The following plots shows the diagrammatical representation of the water removal efficiency of the four demulsifiers used.

3
__25
E
e
3 2
o
(5]
o B XY(0.2ML)
»w 1.5 -
5 m DEF(0.2ML)
=]
S . # CAD(0.2ML)
[T
%  S0-4(0.2ML)
> 05 -

0 .

5-min 10-min 15-min
Observation time (min)

Fig. 2. Demulsification Performance of Selected Demulsifier at 1000RPM, 30°C and 0.2ml concentration
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Fig. 3. Demulsification Performance of Selected Demulsifier at 1000RPM, 60°C and 0.2ml concentration
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Fig. 4. Demulsification Performance of Selected Demulsifier at 1000RPM, 30°C and 0.4ml concentration
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Fig. 5. Demulsification Performance of Selected Demulsifier at 1000RPM, 60°C and 0.4ml concentration

3.3 Economic analysis
Based on the performance of the four demulsifiers, an economic analysis was conducted to show the economic viability of each
demulsifiers to see which would yield more profit with time. The economic parameters considered for this analysis are:
1. Net Present Value (NPV): NPV measures the net monetary value that is generated by an investment after accounting for
the time value of money. It is calculated by summing the discounted cash flows over the project’s life span and subtracting

the capital expenditure (CAPEX). The present value of the projected cash flows is discounted at a 10% rate. The formula
for this can be written as:

cashflow
(1+i)t

NPV= Y

— initial investment (5)

Where: i is discount rate
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t is number of years
initial investment = CAPEX when t=0

2. Internal Rate of Return (IRR): IRR represents the discount rate at which the Net Present Value becomes zero. A higher
IRR reflects a more desirable investment, as it indicates greater profitability relative to the capital invested. This can be
written mathematically as:

NPV=0 (6)
OR
cashflow . e . _
> et initial investment =0

3. Payback Period: This refers to the number of years required to recover the initial cost of investment from cumulative cash
flows. A shorter payback period is generally preferred, as it reduces investment risk.

4. Profitability Index (P1): Pl measures the relative value generated per dollar invested. The project is considered profitable

when the P.I value is greater than one, break even when the value of P.I equals 1, and non-profitable when its less than 1
122, That is a higher PI indicates a more efficient investment. This can be written mathematically as:

| = NPV )

’ initial investment

Assumptions:

The assumptions made to aid the calculations of this analysis will be summarized in the table10 below:
Table 10: various assumptions made

Initial volume of oil 10,000bbl
OPEX Cost of demulsifiers
Production duration 15 years
CAPEX $30,000,000
Price of oil $60/bbl
Discount rate 10%

The respective cost of the local and conventional demulsifiers will be summarized in table 11 and table 12.
Table 11: Cost of the Conventional Demulsifiers

S/N Material Quantity Cost Scaled cost Dollar
(0.1ml) equivalent ($)
1 Commercially Avaliable 2500ml 6,125 0.245 0.00015312
Demulsifier (CAD)
2 Sulphuric acid 2500ml 21,500 0.86 0.0005375
3 Xylene 2500ml 14,000 0.56 0.00035
Table 12: cost of formulating the local demulsifier
S/N Material Quantity Cost Scaled cost Form. Conc. Final cost
(Naira) (Naira) (Naira)
1 Alum 20g 300 15 Sg 75
2 Camphor 30g 400 13.333 12g 159.996
3 Liquid soap 1000ml 1500 1.5 50ml 75
4 Castor oil 1000ml 5000 5 30ml 150
Total cost=459.996
or $0.2874

By simulating the crude oil production process and associated cash flows, the study provides a quantitative framework for identifying
the most cost-effective demulsifier. Additionally, this study considers essential factors such as concentration, material costs, and
market-driven parameters like oil price and discount rate. The economic performance of each demulsifier is summarized in the
following bar charts:
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Comparison of Economic Metrics far Demulsifiers
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Fig. 6. Plot of the Economic Metrics for the Demulsifiers

From the visual analysis, the local demulsifier outperforms the three conventional options in most economic metrics, indicating its
potential to generate greater profitability over the project’s lifespan. From the NPV plot, the Local Demulsifier Achieves the highest
NPV of $975,491,242.49, signifying a substantial long-term benefit and its ability to generate greater cumulative cash flow. The
Commercially Avaliable Demulsifier (CAD) Secures the second-highest NPV of $934,438,546.53, also reflecting strong economic
feasibility. From the IRR plots, the Local Demulsifier Exhibits the highest IRR at 715.68%, highlighting its remarkable ability to
deliver returns and implies that the local demulsifier stands out as the most profitable option. Commercially Avaliabl e Demulsifier
(CAD) Shows an IRR of 685.88%, also reflecting a highly attractive investment. All four demulsifiers achieves a payback period
of 1 year, reflecting the strong cash flows generated in the initial stages of the project. From the production index plot, the Local
Demulsifier Achieves the highest Pl of 32.52, indicating the most value per dollar invested. This implies that the local demulsifier
excels in generating the highest relative value, affirming its cost-effectiveness. The Commercially Avaliable Demulsifier (CAD)
recorded a Pl of 31.15 positions it as the second-best option. All these can be summarized in table 13:

Table 13: Summary of Economic Parameters

Summary of economic parameters
. Payback Period Profitability Index
o,
Demulsifier NPV (USD) IRR (%) (Years) (P1)
CAD $934,438,546.53 685.88 1 31.15
Sulphuric Acid $831,375,174.49 611.08 1 27.71
Xylene $881,649,990.12 647.57 1 29.39
Local Demulsifier $975,491,242.49 715.68 1 32.52

4. Conclusion

From the experimental study, the following conclusion can be drawn:
(1) From the API gravity of the crude, the crude oil is a light crude

(2) From the API gravity of the emulsion, the presence of water reduces the API gravity of the oil, thus reducing its quality

(3) From the demulsification experiment, at varying temperature, an increase in tempersture leads to an increase of the volume

of water separated.

(4) Amongst all the demulsifiers, CAD recorded the best results of yielding high volume of water compared to others.

(5) From the demulsification experiment, at varying concentration, an increase in concentration yields to an increase of the
volume of water separated.
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(6) At 1000RPM, 60°C and 0.4ml concentration, Commercially Avaliable Demulsifier (CAD) recorded the highest result of
separating 3.1ml of water

(7) The local demulsifier is the most economically viable option, with the highest NPV, IRR, and P1. While all demulsifiers
are profitable, the local demulsifier outperforms its conventional counterparts, providing the greatest economic advantage
over the project’s lifespan.

5. REFERENCES

[1] Abatai, M. C., Akpabio, J. U., Okon, A. N., & Etuk, B. R. (2020). Demulsification of crude oil emulsion in Well X in a Niger
Delta field. Engineering and Applied Sciences. 5(5): 81-91.

[2] Sofiah, A. R., Ismail, M. S., Abdelazim, A. A., & Abubakar, A. U. A. (2020). critical review of development and demulsification
mechanisms of crude oil emulsion in the petroleum industry Journal of Petroleum Exploration and Production Technology.
10:1711-1728. https://doi.org/10.1007/s13202-020-00830-7

[3] Emre, F., & Tomi, E. (2020). Emulsion Treatment using Local Demulsifier from Palm Oil. The Second International Conference
on Science, Engineering and Technology. 2020; 299-303. https://doi.org/10.5220/0009360102990303

[4] Francis, A. O., Sulaiman, A. D., & Abdulsalam, S. (2016). Stability Study of Some Selected Nigerian Crude Oil Emulsions and
the Effectiveness of Locally Produced Demulsifier. Journal of Energy Technologies and Policy. 6(2).

[5] Karthika, R. (2021). Technologies Involved in the Demulsification of Crude Oil. http://dx.doi.org/10.5772/intechopen.99743
[6] Zolfaghari, R., Ahmadun, F., Lugman, C. A., Said, S., & Alireza, P. (2016). Demulsification techniques of water-in-oil and oil-
in-water emulsions in petroleum industry, Separation and Purification Technology. 170. Pages 377-407, ISSN 1383-5866.

https://doi.org/10.1016/j.seppur.2016.06.026

[71 Abdulredha, M., Alkhaddar, R., Jordan, D., Kot, P., Abdulridha, A., & Hashim, D. (2018). Estimating solid waste generation
by hospitality industry during major festivals: A quantification model based on multiple regression. Waste Management. 77.
https://doi.org/10.1016/j.wasman.2018.04.025

[8] Mittal, N., Cohen, C., Bibette, J., & Bremond, N. (2014). Dynamics of step-emulsification: From a single to a collection of
emulsion droplet generators. Physics of Fluids. 26. https://doi.org/10.1063/1.4892949

[9] Tian, Y., Zhou, J., He, C., He, L., Xingang, L., & Sui, H. (2022). The Formation, Stabilization and Separation of Oil-Water
Emulsions: A Review. Processes. 10. https://doi.org/10.3390/pr10040738

[10]Ye, F., Mi, Y., Liu, H., Zeng, G., Shen, L., Feng, X., Yang, Y., Zhang, Z., Yuan, H., & Yan, X. (2021). Demulsification of
water-in-crude oil emulsion using natural lotus leaf treated via a simple hydrothermal process. Fuel. 295. 120596.
https://doi.org/10.1016/j.fuel.2021.120596

[11] Ndubuisi, E., & Mofunlewi, S. (2023). Efficacy of a Locally Formulated Demulsifier in the Treatment of Crude Oil Emulsions.
https://doi.org/10.13140/RG.2.2.16264.64007

[12] Anthony, C. O., Ude, C. U. E., Dominic, U. E., & Obinna, S. O. (2021). Comparative Economic Analysis of Liquefied Natural
Gas Technology and Gas to Liquid Technology. In European Journal of Advances in Engineering and Technology. 10.

www.ijeais.org/ijeais
64


https://doi.org/10.1007/s13202-020-00830-7
https://doi.org/10.5220/0009360102990303
http://dx.doi.org/10.5772/intechopen.99743
https://doi.org/10.1016/j.seppur.2016.06.026
https://doi.org/10.1016/j.wasman.2018.04.025
https://doi.org/10.1063/1.4892949
https://doi.org/10.3390/pr10040738
https://doi.org/10.1016/j.fuel.2021.120596
https://doi.org/10.13140/RG.2.2.16264.64007

International Journal of Engineering and Information Systems (1JEAIS)
ISSN: 2643-640X
Vol. 9 Issue 10 October - 2025, Pages: 56-65

Authors

Anthony Ogbaegbe Chikwe, is a senior lecturer in the department of Petroleum Engineering,
Federal University of Technology, Owerri. He holds both BSc. and MSc. degree in Petrochemical
Engineering from the University of Oil and Gas Moscow. He also holds Post graduate certificate in
advance studies in academic practice from Newcastle University upon Tyne, UK and Ph.D degree in
Petroleum Engineering from the Federal University of Technology, Owerri. His research interests are in
Production, Reservior, Natural Gas and Drilling Engineering. He is also a fellow of the Higher
Education Academy, UK.

Christian Emelu Okalla, is a Technologist and Researcher at the Department of Petroleum
Engineering, Federal University of Technology Owerri, Nigeria. He holds both B.Eng and M.Eng in
Petroleum Engineering from the Federal University of Technology Owerri. His research interests are

in drilling engineering, production engineering, natural gas engineering, reservoir engineering, and
reservoir simulation.

Ilhuoma Andra Oluomachi, is a graduate from the department of petroleum engineering, Federal
Uniiversity of Technology Owerri. Her research interest is in drilling, production and reservoir
engineering.

www.ijeais.org/ijeais
65



