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Abstract 

The limited budget allocation and storage chemicals space are the main reasons food 

SMEs manufacturers took cleaning and sanitation for granted. A portable electrolyzed 

water cleaning rig which can generate sanitation solution and at the same time generated 

high-speed water will ease the cleaning and sanitation process for SMEs. In this study, the 

theory of inventive problem solving (TRIZ method) is applied in the development of a  

portable electrolyzed water cleaning rig. A new conceptual design for the rig, which is 

robust and affordable is proposed. The rig could improve cleaning efficiency significantly 

in SME food industry in Malaysia, which is a major cause of a low number of SME with 

GMP certification. However, the final conceptual design has to undergo several 

modifications for assembly and manufacturing purposes, which will be performed in 

further study. The idea of generation for the portable electrolyzed water cleaning rig 

design was illustrated based on the TRIZ contradiction matrix. This portable rig will be 

able to generate both strongly acidic electrolyzed water (AcEW) and strongly alkaline 

electrolyzed water (AlEW) solution continuously. Both cleaning solutions are green 

cleaning solutions which can replace the commercial cleaning sanitation solutions. The 

development of the conceptual design of the portable water cleaning rig will help food 

SMEs tremendously.   

1. Introduction 

Electrolyzed water can be separated into two types 

of solutions which are alkaline electrolyzed water 

(AlEW) and acidic electrolyzed water (AcEW) with the 

presence of the membrane (Huang et al., 2008; Rahman 

et al., 2016).  Both solutions have high potential to be 

used in the cleaning process of the food industry as the 

alkaline solution containing sodium hydroxide that is 

highly effective in grease-cutting cleaner (Hsu, 2005; 

Hricova et al., 2008). Meanwhile, for an acid solution, it 

is highly effective in disinfecting as it contains high 

dissolved oxygen and chlorine in hypochlorous acid 

(Hricova et al., 2008). Electrolyzed water can be used as 

a green cleaner to clean and disinfect foodborne 

pathogens as it is environmentally friendly. This is 

because electrolyzed water will return to normal water 

after interacting with the organic matter (Colangelo et 

al., 2015). Electrolyzed water is being used in various 

fields of application such as in the medical, dental, food-

processing, agriculture, and dairy industries for cleaning 

purpose (Kim et al., 2000; Al-Haq et al., 2005; Hung et 

al., 2008).  

Currently, there has an increment of demand in 

utilizing electrolyzed water as a green cleaner either in 

the large industries, kitchen, home or medical since it has 

an effective effect on disinfecting the microbial and 

grease cleaner. Various kinds of innovations are 

available in the patent database for electrolyzed water 

cleaning units such as a generator, hand-held portable 

cleaning unit and portable rig cleaning unit. However, 

most of the innovation for electrolyzed cleaning unit is 

more focusing in producing neutral electrolyzed water 

(NEW) rather than producing both acidic electrolyzed 

water (AcEW) and alkaline electrolyzed water (AlEW) 

(Kaestner et al., 1974; Nakamura et al., 2000; Nakamura 

et al., 2005; Field et al., 2007; Arai et al., 2018). This is 

because the pH solution for NEW that is the range within 

6 to 8 has sterilizing effect without causing rough skin or 



189 Jalil et al. / Food Research 5 (Suppl. 1) (2021) 188 - 192 

 
eISSN: 2550-2166 © 2021 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

the corrosion to the equipment (Kaestner et al., 1974; 

Nakamura et al., 2005; Arai et al., 2017). Furthermore, 

high pH solution has a longer shelf life compared to the 

low pH solution in which the chlorine is largely in the 

form of hypochlorous acid and it has a limited shelf life 

(Kaestner et al., 1974). 

In this paper, a new portable electrolyzed water 

cleaning rig is developed by using the TRIZ method. The 

concept of designing a portable cleaning rig is to produce 

electrolyzed water that is continuously supplied from the 

electrolytic cell and hot water. However, there have 

some issues for the strongly acidic electrolyzed water 

and strongly alkaline electrolyzed water to be produced 

in continuous type as the electrolysis solution passes 

through the electrolytic cell in an extremely short period 

(Arai et al., 1996; Shirota et al., 2001). Thus, it will be 

difficult to produce the desired pH for both strongly 

electrolyzed water. For this issue, a new concurrent 

engineering technique which is TRIZ was applied as a 

problem-solving method in the development of a 

conceptual design for the portable electrolyzed water  

cleaning rig. Therefore, the objective of this study was to 

design a new portable electrolyzed water cleaning rig 

which can produce both strongly acidic electrolyzed 

water (AcEW) and strongly alkaline electrolyzed water 

(AlEW) solution continuously. 

 

2. Materials and methods 

2.1 Design criteria of the portable electrolyzed water 

cleaning rig 

Design criteria for the portable cleaning rig were 

determined by conducting an industrial survey among 

the small-medium food industry. The findings of this 

survey have shown that they need cleaning apparatus that 

has those features:  

• Portable as they need to move the cleaning 

apparatus from another unit operation to another 

unit operation during the cleaning process. 

• Cleaning medium temperature can be adjusted 

that suit the type of soil to be removed.  

• On-site generation of cleaning and disinfectant 

medium so that no storage is needed for the 

chemicals and chemical cost can be omitted. 

• Suitable size for moving around the production 

aisle. 

• No wastewater treatment for cleaning discharge. 

• Extensive rinsing after chemical rinse can be 

reduced. 

• Pressure spraying for difficult to clean area. 

 

2.2 TRIZ method 

TRIZ method was introduced as a comprehensive 

technique as it provides a logical approach to the 

development of innovation creativity and inventive 

problem solving (Savranksy, 2000). The concept of the 

TRIZ is aiming to find the ideality of the solution by 

overcoming the contradiction that exists for the design 

solution. In order to accomplish the requirement of the 

design solution, TRIZ method assists the process of 

analyzing the design idea by getting the improving 

feature and eliminating the worsening feature 

simultaneously (Mansor et al., 2014). According to the 

Altshuller, most of the product has similar problems of 

the design and the problems are repeated over the 

industries and it also found that the solutions are based 

on how the others have resolved it and adapt it to be used 

to solve these problems. 

The TRIZ contradiction matrix is used in this 

method as the problem solver to determine the 

appropriate solution for resolving all the design intent 

problems. All the possible problem in designing a 

portable electrolyzed water cleaning rig should be 

identified first in achieving the design goal. As the 

problem has been identified, it will come out with the 

possible improvements and worsening parameters that 

are matched correctly from the list of the 39 engineering 

parameters. Those of the improving and worsening 

parameters are required in order to construct the TRIZ 

contradiction matrix in which to determine the best 

solution from the 40 Inventive Principle for solving the 

problem. After the solution principle have been proposed 

on the contradiction matrix, the most relevant principle 

will be selected as a guideline to develop a new portable 

electrolyzed water cleaning rig design. 

 

3. Results and discussion 

In this part, the description of how the TRIZ method 

solves the problems in the development of the new 

design of a portable electrolyzed water cleaning rig is 

given. The TRIZ contradiction matrix is being used 

during the analysis of the problem design, to improve the 

parameter which is negatively affected by another 

parameter. A contradiction was identified first by 

analyzing a problem that could occur from the design of 

a portable electrolyzed water cleaning rig. By identifying 

the contradiction, it will help in getting the idea and 

selecting the 40 inventive principles to overcome such 

contradictions in the matrix.  

By referring to Table 1 and Table 2, the 

contradiction matrix of a portable electrolyzed water rig 

and also the design strategy was based on the identified 
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TRIZ solution principles. Based on the first 

contradiction, one of the criteria of the design is to 

generate a constant pH value of strong alkaline 

electrolyzed water and strong acidic electrolyzed water 

at pH 12 and 2.7 respectively, but it would be difficult to 

produce as the electrolysis solution continuously pass 

through the electrolytic cell in an extremely short period. 

Therefore, the parameter that should be improved is the 

stability of the object’s composition (#13), but the 

parameter that worsens is the area moving object (#5). 

The suggested inventive principle is 3 for the use of local 

quality (3). One possible solution could be used is a 

method of circulating electrolysis solution (Deguchi and 

Osamura, 1997; Shirota et al., 2001). The repeated of the 

electrolysis solution that circulated in an electrolytic cell 

will accumulate a cation and an anion, thus can provide a 

constant pH value at 2.7 and 12 for strong acidic 

electrolyzed water and strong alkaline electrolyzed water 

respectively. The pH measuring device may be provided 

in the circulation container of electrolytic cell for 

detecting the pH value of both electrolyze water solution.  

For the second contradiction, the other criterium of 

the design is to improve the strength of the electrolytic 

cell material as it come into contact with the strong 

acidic electrolyzed water since their pH value is very low 

and it can corrode the equipment. Hence, strength (#14) 

is a parameter to be improved while the worsen 

parameter is the object affected harmful factors (#30). As 

the contradiction has been identified, the principle 40 is 

selected for the use of composite material. The possible 

solution to build the electrolytic cell wall with composite 

material like polyvinyl chloride which can withstand the 

corrosive environment of a chlor-alkali, high resistance 

to chemical, excellent electrical insulation properties, 

lightweight and readily fabricated and moulded, taking 

into account the suggestion of the principle 40 (Peters et 

al., 1977; Nakamura et al., 2000).  

In addition, the third contradiction is to use a small 

amount of voltage to cut the cost of the power supply by 

adjusting the spacing between the electrodes plate, but if 

the spacing between the electrode is too small it will 

reduce the amount of the electrolyzed water production. 

The distance between the electrode plate should be larger 

after electrolysis has started in order to decrease the 

strength of the electric field (Shiramizu et al., 1998). As 

the electric field strength has been decreased it can 

prevent the H+ ion and OH- ion that is produced at anode 

and cathode respectively from being attracted the H+ ion 

and OH- ion to the cathode and anode respectively. In 

short, the H+ ion should remain in the anode to increase 

H+ concentration around the anode, while OH- ion 

remains in the cathode to increase the OH- concentration 

No 
Improving feature Worsening feature TRIZ solution principles 

39 Engineering parameters 39 Engineering parameters 40 Inventive principles 

1. 
#13. Stability of the object’s 

composition  
#5. Area moving object Principle 3: Local quality 

2. #14. Strength # 30. Object affected harmful factors Principle 40: Composite material 

3. #21. Power 
#26. Quantity of substance 

  

Principle 15: Dynamization 

Principle 13: The other way around 

4. #34. Ease of repair # 30. Object affected harmful factors  Principle 9: Preliminary anti-action 

Table 1. Contradiction matrix for portable electrolyzed water cleaning rig 

TRIZ solution principle  Solution description Design strategy description 

#3. Local quality (i) Change an object’s structure from uniform 

to non-uniform, change an external 

environment (or external influence) from 

uniform to non-uniform 

(i) Used a method of circulating electrolysis 

system in an electrolytic cell 

#9. Preliminary anti-action (i) If it will be necessary to do an action with 

both harmful and useful effects, this action 

should be replaced with anti-actions to control 

harmful effects 

(i) Adding corrosive inhibitor to the electrolyte 

in order to reduce the corrosive 

#13. The other way around 

  

(i) Make movable parts (or the external 

environment) fixed, and fixed parts movable 

(i) Adjusting the space between the electrode 

by using electrode mover 

#15. Dynamization 

  

(i) Allow (or design) the characteristics of an 

object, external environment, or process to 

change to be optimal or to find an optimal 

operating condition 

(i) Use optimal spacing between the electrode 

within the range of the 1-10 mm 

#40. Composite materials 

  

(i) Change from uniform to composite 

(multiple) material 

(i) Build the electrolytic cell from material of 

polyvinyl chloride to withstand corrosion 

resistant 

Table 2. Design strategy based on identified TRIZ solution principles 
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around the cathode. Thus, the parameter of the power 

(#21) is selected as an improving component, but the 

worsening parameter is the quantity of substances (#26). 

The inventive principle of dynamization (#15) and the 

other way around (#13) are chosen to overcome this 

contradiction. The order of the solution principles that 

are being proposed is related to the highest use frequency 

in a similar situation in other types of problems. For the 

principle of dynamization (#15), there are preferably to 

use optimal spacing between the electrode within the 

range of the 1-10 mm (Nakamura et al., 2000). 

Meanwhile, for the principle of the other way around 

(#15), there are using the electrode mover to adjust the 

space of the electrodes in which the distance between the 

electrodes is reduced when the electrolysis is to start and 

gradually increased after electrolysis has started 

(Shiramizu et al., 1998). 

Next contradiction is to increase the life cycle of the 

electrode, but the chlorine gas that is easily generated 

during producing the strongly acidic electrolyzed water 

will lead to the corrosion material of the electrode. The 

electrode should have a longer life cycle so that the 

electrode would not need frequent replacement or 

maintenance since it will consume much cost. Thus, the 

parameter that needs to be improved is the ease of repair 

(#34) and the worsen parameter is object affected 

harmful factors (#30). The preferably of the inventive 

principle as a solution to the contradiction is preliminary 

anti-action (#9). The principle of the preliminary anti-

action provides an idea to add the corrosion inhibitor to 

the electrolyte in order to reduce the corrosive.  

Using the design strategy that is adopted from the 

TRIZ solution principle, it provides the idea in 

generating and developing the conceptual design of the 

portable electrolyzed water cleaning rig as shown in 

Figure 1.  

Referring to Figure 1, a water storage tank will be 

filled with the tap water at room temperature and then 

the water is heated by using the heater. The heating 

process will be conducted up to a certain temperature 

where the thermocouple is provided for sensing and 

measuring the temperature of the water. At the same 

time, the tap water and electrolysis solution will be 

entering into the electrolytic cell. In the electrolytic cell, 

there is a three-cell configuration with two membranes 

where the electrolysis solution will be passed through the 

centre of the electrolytic cell. The electrolysis solution is 

continuously and repeated supply to the electrolytic cell 

through a circulating electrolysis system flow so that a 

cation and anion will be accumulated to produce the 

strongly acidic electrolyzed water and strongly alkaline 

electrolyzed water that are having the constant pH 2.7 

and 12 respectively. In order to get the constant pH value 

for both electrolyzed water, each of the cathode and 

anode chamber is provided with the pH sensor 

respectively for sensing the H+ concentration or OH- 

concentration in the solution. Both the cathode and 

anode chamber are equipped with the valve so that a user 

can choose either AcEW or AlEW as a cleaning medium 

for cleaning process. A pump will move the preferable 

amount of electrolyzed water to the spray gun. Besides, a 

by-pass valve also is equipped in the design in which to 

release the accumulated pressure in the system.  

 

4. Conclusion 

By using the TRIZ contradiction matrix, the problem 

of the technical part of a portable electrolyzed water 

cleaning rig can be solved by following the solution of 

40 inventive principles. The problem that has been 

solved help to improve and simplify the function model 

Figure 1. P&ID diagram for a portable electrolyzed water cleaning rig  
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of a cleaning unit that makes it innovative design. The 

innovative design of a new portable electrolyzed water 

cleaning rig not only has the same functions with the 

other existing cleaning unit but also this new design of 

the cleaning unit can produce the cleaning solutions 

(AcEW and AIEW) that are environmentally friendly. 

AcEW can be used to replace the acidic-based detergent 

and sanitizer. While AlEW can substitute the alkaline-

based detergent. Thus, this will help Food SMEs greatly 

in reducing the cost of purchasing commercial cleaning 

solutions.  
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