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Abstract—Oil and natural gas are still the dominant energy sources 

in Indonesia's energy use, so many efforts have been made to 

increase their reserves. One effort is to increase oil recovery by 

Enhanced Oil Recovery method, especially chemical flooding using 

surfactants. One of the raw materials that can be synthesized into 

surfactants is pineapple peel. Pineapple peel is processed into eco 

enzyme and used as EOR injection fluid. This process simultaneously 

overcomes wasted fruit peel waste. The method used was laboratory 

research with salinity variables, 20,000 ppm and 40,000 ppm, at 

surfactant eco enzyme concentrations of 20%, 30% and 40%. 

Characteristics of pineapple peel eco enzyme can reduce the IFT 

from 12.71 dyne/cm to 6.52 dyne/cm at 40,000 ppm salinity solution. 

The best results are obtained by mixing pineapple peel eco-enzyme at 

a concentration of 30% with a salinity of 40,000 ppm which can 

increase the recovery factor by 57.2%. The increase in oil recovery 

only occurred slightly, from water flooding to surfactant flooding 

there was only an increase of 3%. From this condition it can be 

concluded that the use of pineapple peel eco enzyme requires a co-

surfactant in order to increase oil recovery. 

 

Keywords— Enhanced Oil Recovery, interfacial tension, pineapple 

peel, surfactant eco enzyme. 

I. INTRODUCTION  

Oil and natural gas are still dominantly utilized as energy 

sources in Indonesia. This is why, there are numerous efforts 

implemented to improve their reserves. One method to 

improve oil reserves is by enhancing oil recovery efforts. 

There are a number of efforts that can be implemented, 

namely short, middle, and long-term efforts. The short-term 

effort can be implemented through work over and well 

services, middle-term efforts can be conducted by applying 

enhanced oil recovery (EOR), and long-term through 

exploration. EOR is a method to improve oil reserves by 

draining previously unobtainable oil volumes. The process is 

divided into three phases, namely primary, secondary, and 

tertiary phases. In this study, the tertiary phase known as 

enhanced oil recovery method is implemented [1]. 

Chemical injection is one of advanced oil extraction 

methods that is conducted by adding chemical compounds into 

injection water to improve oil recovery through sweeping 

performance enhancement and/or lowering oil residue 

saturation in the tank. There are two most common chemical 

injection methods namely surfactant and alkali injections [2]. 

Chemical injection is intended to lower interfacial tension 

between oil and rocks. By lowering the interfacial tension, oil 

can flow and recovery factor can be improved. Surfactant and 

polymer injections are implemented to improve oil recovery. 

The goal of surfactant injection is to improve displacement 

efficiency by lowering interfacial tension, meanwhile polymer 

utilization is intended to improve sweep efficiency by 

rectifying rock permeability and increase driving fluid’s 

viscosity. The utilization of surfactant and polymer is aimed to 

lower interfacial tension (IFT), improving rock permeability 

and increase driving fluid’s viscosity [3]. Eco-enzyme or 

garbage enzyme is a liquid produced from organic waste 

fermentation. There are a number of eco-enzyme function 

namely floor cleaner, vegetables and fruits sanitizer, bug 

repellent, and fertilizer. The utilization of eco-enzyme as 

disinfectant is available due to its alcohol and acetate acid 

contents. The fermentation process is enabled by the activities 

of enzymes produced by bacteria or fungi. The production of 

eco-enzyme can provide a vast impact on the environment and 

on economic perspectives. The benefit for the environment 

can be seen by the process, which at the first day will produce 

O3 gas or known as the ozone. The ozone is extremely useful 

as lower stratosphere layer that decrease greenhouse gasses 

and heavy metal compounds trapped in the atmosphere. 

Besides that, the process will also produce NO3 and CO3 

gasses required by soil as nutrition for plants. The objective of 

this study is to acknowledge the characteristics of eco-enzyme 

products that include aroma, color, and volume [4]. 

In this research, fruit skin wastes used to produce eco-

enzyme is pineapple peel. Eco-enzyme made from pineapple 

peel contains multi-hydrolytic enzymes such as amylase, 

protease, and lipase with ability to degrade waste water. 

Extracellular hydrolytic enzymes are quite stable and 

utilizable at vast temperature range outside its protective 

cellular wall [5]. 

II. METHODS  

Advanced oil recovery effort or known as enhanced oil 

recovery (EOR) is a process to produce oil through external 

energy utilization. EOR method is categorized into a number 

of types. This research utilizes chemical injection. Chemical 

injection is an effort by adding chemical compounds into 

injection water to improve oil recovery through sweeping 

efficiency enhancement and/or increasing saturation level of 

oil trapped in the reservoir. There are three commonly used 

chemical compounds in chemical injection, and in this study, 

the utilized compound is surfactant (surface active agents) [6]. 

Material to produce eco-enzyme in this research is mixture of 
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pineapple peel, water, and brown sugar. The compound was 

applied on phase behavior test at Enhanced Oil Recovery 

Laboratory of Universitas Trisakti. The utilized NaCl in this 

study is the Oxoid LP0005 (Sodium Chloride Bacteriological 

Grade). The synthetic brine water in this research comes with 

salinity variations of 20,000 and 40,000 ppm. The pineapple 

peel eco-enzyme surfactant concentration levels tested in this 

study are 20%, 30%, and 40%. The type of oil utilized in this 

study is R- crude oil  

The work procedure in this study was conducted by 

dividing eco-enzyme surfactant into a number of concentration 

levels; 20%, 30%, and 40%. To produce surfactant solution, 

salt water with different salinity levels were mixed with 

surfactant. Brine production is implemented by mixing eco-

enzyme on a magnetic stirrer for 15 minutes. Phase behavior 

test was conducted to witness the type of phase and the level 

of total emulsion volumes occurred between surfactant and oil. 

IFT test is fundamental in chemical EOR study. This test is 

aimed to measure interfacial tension value formed between 

brine (pure brine or brine with chemical EOR addition) with 

crude oil in the reservoir. The lower the IFT value produced 

between chemical EOR-brine with crude oil, more effective 

the surfactant will be. Low IFT value will leads to easier oil 

penetration inside reservoir’s rocks. Thermal stability IFT test 

is aimed to evaluate chemical EOR solution performance. The 

performance is indicated by IFT value stability formed at 

reservoir temperature against time. This will enable 

confirmation of thermal degradation ability to lower 

performance of chemical EOR during flooding process. The 

following figure shows the flow chart of this research eco-

enzyme performance study. 

 

 
Fig. 1. Study Flow Chart. 

III. RESULTS AND DISCUSSION 

This eco-enzyme performance study was conducted for 1 

month, located in Enhanced Oil Recovery Laboratory of 

Universitas Trisakti, Jakarta. In this study, pineapple peel was 

utilized as main material, mixed with water and brown sugar. 

Through 3 months of fermentation process, eco-enzyme 

produced was utilized to create surfactant. Brine solution with 

variations of salinity levels were utilized to obtain the lowest 

interfacial tension level to ensure the optimum salinity 

performance [7]. After conducted series of tests with different 

levels of salinity, solution with optimum salinity was obtained; 

namely 20,000 ppm and 40,000 ppm. The brine salinity 

variations were mixed with eco-enzyme with concentration 

levels of 20%,30%, and 40%. 

 

   
Fig. 2. Eco-Enzyme Sample Variations 

TABLE I. IFT Value of Research Sample at 60oC Temperature. 

Temperature 

(°C) 
Solution Salinity 

Concentration 

(%) 

Week IFT 

60 
Eco-

Enzyme 
40,000 
ppm 

30 

0 4.26 

1 4.82 

2 5.80 

3 6.14 

4 6.14 

5 6.52 

 

The objective of thermal stability IFT test is to evaluate 

chemical EOR solution performance. The indication is a stable 

IFT value formed on reservoir temperature against time. This 

would measure whether the solution’s performance can be 

affected by thermal degradation during flooding process in 

chemical EOR. The interfacial tension value is highly 

affecting oil production level, because lower interfacial 

tension will lead to higher micellar concentration that would 

lead to higher oil binding, which would improve oil recovery 

level. After obtaining interfacial tension value as shown in 

Table 1, there is a weekly increase of IFT value on solution 

with 30% eco-enzyme surfactant and 40,000 ppm NaCl brine. 

The increase is also shown in the following figure that 

illustrate IFT value ratio of the solution for every 60◦C each 

week. 
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Fig. 3. IFT Value Ratio of The Solution for Every 60◦C Each Week and 

Recovery Factor. 

 

The first injection process utilizes brine solution as 

injection fluid. Injection fluid selection was based on the low 

interfacial tension (IFT) value as shown in Figure 3. The 

lowest IFT value is indicated on eco-enzyme solution with 

40,000 ppm salinity and 30% concentration. This is why, the 

surfactant was utilized as injection fluid in this study. The 

recovery factor obtained in this study was at 57.2 %. In the 

previous figure, it can be witnessed that on the tested 

surfactant solution injected water flood method and surfactant 

flood, stability was obtained on brine with 40,000 ppm salinity 

with recovery factor of 57.2. This result shows that pineapple 

peel eco-enzyme surfactant can be utilized in oil recovery 

enhancement.  

IV. CONCLUSION  

Pineapple peel eco-enzyme characteristic is able to lower 

IFT from 12.71 dyne/cm to 6.52 dyne/cm on solution with 

40,000 ppm salinity. The best result was obtained from 

solution of 30% concentration of pineapple peel eco-enzyme 

and 40.000 ppm salinity with recovery factor of 57.2%. The 

study shows low level of oil recovery enhancement; 3% from 

water flood into surfactant flood. Based on this result, it can be 

concluded that pineapple peel eco-enzyme utilization requires 

co-surfactant to be able to improve oil recovery. 
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