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ABSTRACT 

Group Technology (GT) is a well known term in the Industrial 
Engineering environment. It is used in the production of parts in 
medium quantities and the idea behind it is that similar parts 
should be manufactured in a similar way. Parts are identified and 
grouped together in order to take advantage of their similarities 
for design and production. These similarities can be associated 
with similar production process steps or similar tooling needed to 
manufacture these parts. GT has become a standard methodology 

in mechanical and electronic assembly automation design. 
However to our best knowledge it has not been employed in 
designs of high-throughput automation for Biotechnology.  

The goal of this paper is to demonstrate the feasibility of the 
implementation of GT for simplifying Biotechnology protocols 
automation. Two Biotechnology protocols are used to illustrate 
how Biotechnology could benefit from GT. The two protocols 
used are purification of RNA and purification of DNA.   
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1. INTRODUCTION 
Group Technology is based on the notion that although 

parts may be different, they also possess important 
similarities. These similarities can be associated with the 

design of the part or with the manufacturing process used 

[4]. 

In GT similar parts are identified and grouped together in 

order to take advantage of their similarities for design and 

production. Each production cell is designed to produce 

one part family following the principle of specialization 

operation, which involves the design of special production 

equipment to produce the part family. 

Parts are classified into families, which have similarities in 

processing steps used in their manufacture. There are three 

common classification schemes: Systems based on part 
design attributes, systems based on part manufacturing 

attributes, and systems based on both. For example, in 

mechanical assembly common part design attributes taken 

into account for part classification are: major dimensions, 

basic external shape, basic internal shape, and material 

type. Part manufacturing attributes that are commonly 

taken into account for part classification are: major process, 

operation sequence, machine tools, cutting tools, and 

tolerances. 

There is an important concept in GT known as Composite 

Part. Composite part is a hypothetical part that includes all 

design and manufacturing attributes of the entire parts 
family. It is the correlation between part design features 

and manufacturing operations that produce those features. 

In the classical sense the machine cell design includes all 

machines required to make the composite parts and it 

should allow size variation. 

There are three basic steps in group technology planning. 

First, a code must be described. Second, the parts must be 

classified into the different families and be represented by a 

unique code that represents only one part type. Third, the 

layout of the different equipment and possible 

manufacturing cells is designed. 

2. CODE REPRESENTATION AND PART 

CLASSIFICATION 
The goal of this paper is to demonstrate the feasibility of 
the use of GT for simplifying the automation of 

Biotechnology processes. For this reason, the code that is 

proposed and explained in this paper, is only for 

demonstrative purpose and doesn’t intend to be a generic or 

standard code. The code is just a suggested code that will 

be used to validate the use of GT in this area. 

A GT code should be flexible enough to handle current as 

well as future parts, keeping in mind a restrictive scope of 

parts included must be known, and to be useful the code 

must discriminate the parts with different values for key 

attributes. The coding detailed is crucial, and it should 
uniquely identify each part and fully describe the part from 

a design and a manufacturing point of view. Too much 

detail results in redundant information more difficult to 

handle, but too few details result in a useless code that is 

not able to distinguish parts apart. 
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The different parts that are within the scope of the parts 

already determined are then classified by giving them a 

unique code which will identify them among all parts 

available. 

3. LAYOUT AND FLOW ANALYSIS 
As already mentioned, the third step in GT planning is the 

layout design. This is done by doing a production flow 

analysis. Since at this point the purpose of this paper is only 

to validate a plausible implementation of GT in 

biotechnology, and we are using a reduced pool of 

protocols, the production flow analysis is not part of the 

scope of this discussion, but will be left for future 

directions. 

A brief explanation of how the flow analysis is done and 

why it is not applicable at this point will be given anyways. 

The production flow analysis is done by creating a binary 

matrix with dimensions i number of machines by j number 

of parts. This matrix will interpret 1 as a machine used in 

the process of the part and 0 when that machine is not used. 

The rows and columns (machines and parts) are the ordered 

using Rank-Order Clustering, and each cluster will then 

represent in the layout a manufacturing cell. 

Since the example that is discussed in this paper is only 

using two protocols, Biotechnology protocols have to be 
carried out sequentially and cannot be modified. Hence, the 

re-ordering of the matrix rows is not possible. When 

including more protocols and sample types this might be a 

possibility depending on the relation between machines and 

products. This is why this issue is not discussed at this 

point and is left for future directions. 

4. INTRODUCTION OF GROUP 

TECHNOLOGY IMPLEMENTATION IN 

BIOTECHNOLOGY – Example: Preparation 

of RNA and DNA 

4.1 4 Digit Code Representation 
As an example to demonstrate the feasibility of using GT 

for automation of Biotechnology protocols, two protocols 

are chosen: preparation of RNA from animal cells, and 

preparation of DNA from animal cells [2] (both protocols 

are found in Table 2). 

For the code to follow the characteristics define in the 

previous section – the code should be sufficiently flexible 

to handle current parts as well as future parts –, the code 

also includes animal tissue and plant cells. After 

determining the scope of part types to be included, the code 

chosen to describe the pool of protocols in the study case is 

a four digit code.  

The first digit determines the input sample which can be 

one of three types: animal cells, animal tissues, or plants. A 

second digit used only for the description of structural 

characteristics is only used to distinguish between the 

different possible animal tissues. These animal tissues can 

be of three types: fatty tissues, fibrous tissues, or other 

tissues. The third digit will describe the outcome of the 

process that can either be, RNA, DNA or proteins. And 

lastly the fourth digit will indicate the concentration 

required for the outcome. Table 2 summarizes the code 

used for the implementation of group technology for 
biotechnology protocols. 

Table 1. Code use for Group Technology implementation. 

First Digit: Second Digit: Third Digit: Forth Digit: 

(Input sample) (Structural characteristic) (Type of output desired) (Concentration) 

Animal cells 1 
 

0 RNA 1 Volume 1 

Animal Tissue 2 

Fatty Tissue 1 DNA 2 Concentration 2 

Fibrous Tissue 2 Proteins 3 
  

Other Tissue 3 
    

Plants 3 
 

0 
    

4.2 Preparation of RNA and DNA Protocols 
Preparation of RNA from animal cells [3] can help to 

demonstrate how GT can be implemented to manufacture 

Biotechnology protocols based on part manufacturing 

attributes. Say that in addition to RNA production from 

animal cells one wishes to extract the RNA from bacteria or 

yeast cells. Extraction of RNA regardless of the kind of 

initial sample desired – animal cells, tissue, bacteria, or 

yeast cells – uses the same protocol (described in Table 2). 

One would use the same protocol for different “parts”, 

better called “samples” in Biotechnology application. The 

operation sequences are the same for different samples, and 

the equipment used is the one used before: the same kind of 
centrifuges, vortex devices, and dispensers can be used for 

all kinds of samples. What may differ one protocol from 

another are timing, quantity and environmental parameters. 

Evidently the use of GT is very beneficial in this case as 

although one uses different material types (different initial 

samples), and get different products (that is different kinds 

of RNA), it is possible to group all of these “parts” into the 

same family because these have the same manufacturing 
attributes and share the same protocol. 

GT based on part design attributes approach can also be 

applied in Biotechnology [1]. If we study Table 2 carefully 

it is shown that there are two distinct protocols: the left side 

branch is the preparation of RNA form animal cells, and 

the right side branch is the preparation of DNA from the 

same animal cells (for better understanding of the problem 

the steps for each of these processes are written side by 

side). 
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Table 2. RNA and DNA preparation from animal cells 

 
RNA DNA 

 
Animal Cells Animal Cells 

Disruption of 
initial sample 

Addition of Lysis Buffer to cells in 2ml 
tubes 

Addition of Lysis Buffer to cells in 2ml 
tubes 

Vortex Until cells are lysed Vortex Until cells are lysed 

Homogenization 
of sample 

Transfer lysate into Homogenization 

column 

Transfer lysate into Homogenization 

column 

Centrifuge Centrifuge 

Isolation of 
produced using 
spin technology 

Addition of ethanol to the homogenized 

lysate 
Addition of Wash Buffer to spin column 

Transfer the sample to a spin column 
placed in a 2ml tube 

Centrifuge and discard flow-through 

Centrifuge and discard flow-through Addition of Wash Buffer to spin column 

Addition of Wash Buffer to spin column Centrifuge and discard flow-through 

Centrifuge and discard flow-through 
Addition of Elution Buffer to spin 

column 

Addition of Wash Buffer to spin column Incubation 

Centrifuge and discard flow-through Centrifuge 

Addition of Wash Buffer to spin column 
Addition of Elution Buffer to spin 

column 

Centrifuge and discard flow-through Incubation 

Addition of Elution Buffer to spin 
column 

Centrifuge 

Centrifuge 
 

Note that in these two protocols we use an AllPrep 

DNA/RNA mini column available from QIAGEN Inc. [7]. 

The AllPrep column has chemical properties that make the 

genomic DNA bind to the residue in the column. This is 

very convenient because one can elute the DNA directly 

from the AllPrep column, and one can obtain the RNA 

from the flow through of the AllPrep column and follow 

the same protocol from there on as described in Table 2, 

and in the steps presented for preparation of RNA in this 
section. 

4.3 Part Classification 
By writing these two protocols side by side, it can be 

observed that the protocols are almost the same, but the 

preparation of DNA has fewer steps than the preparation of 

RNA. In this case one can apply GT production based on 

part design attributes. Although the processes are not 
exactly the same, we do have the same material type 

because the RNA and DNA are produced from the same 

starting sample, which means that the basic external and 

internal shapes are the same. In other words one is able to 

classify these parts as one family. 

In this example, each of the parts can be identified by a 

unique code: 

RNA from animal cells: 101X 

DNA from animal cells 102X 

The X represents if the RNA or DNA required needs a 

higher concentration or volume. In other words, the system 

can handle four different parts: 

1011 – RNA from animal cells at high volumes 

1012 – RNA from animal cells at high concentration 

1021 – DNA for animal cells at high volumes 

1022 – DNA from animal cells at high concentration. 

4.4 Equipment Layout 
As already explained, in Section 3, the production flow 

analysis cannot be performed for this example. By 

inspection of the protocols and visual methods, an educated 

guess can be made of an appropriate layout of the 

equipment. 

The modified conceptual design for the preparation of RNA 
and DNA from tissue culture cells applying Group 

Technology is shown in Figure 1. 
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Figure 1. Conceptual design for the preparation of DNA and RNA from tissue cultured cells production line  

4.5 Results 
The case study example was evaluated using ARENA 

Simulation Software and Models [6], [8]. The simulation 

consisted on 100 random samples, each of them belonging 

to each of the four classes defined in section 4.3. This 

simulation was performed in two different ways. In the first 

simulation, same class parts where batch together (25 for 

each class), and the timing for the production of the parts 

was recorded. In the second simulation, the parts entered 

the system as the original random function created them 

(still 25 each, same group of parts as in simulation 1), and 

GT was used to guide the parts through the system. The 
time was recorded. 

It was found that due to the timing needed to change over 

from batch to bath in simulation 1, the same number of 

samples took considerably less time to be processed in 

simulation 2 than in simulation 1. In average, in simulation 

1, each part took almost twice as long (221 seconds per 

part) as in simulation 2 where GT was implemented (124 

seconds per parts). 

5. CONCLUSIONS AND FUTURE 

DIRECTIONS 
The benefits that come with the use of GT are many, to 

name a few: It promotes standardization of tooling and 

steps; the material handling is reduced; it simplifies the 

production scheduling; manufacturing lead time is reduced; 

work in process is reduced; process planning is simplified; 

and this will all result in higher quality work. Group 

Technology also comes with disadvantages. The main two 

are: the production machines have to be rearranged, and 

identification of a part family could be complicated. 

As already stated, this paper only discusses the feasibility 

of using Group Technology for automation of 

Biotechnology protocols. The code presented only 

represents a subgroup of all the protocols available in 

Biotechnology and a subgroup of samples [5]. Once the 

feasibility has been demonstrated, now the challenge is to 

describe a code that actually encompasses a larger family 

of protocols and samples. 

The production flow analysis also has to be explored in 

more detailed to be able to fully implement group 

technology in Biotechnology automation and have truly 
flexible laboratories that can perform a wider variety of 

protocols.  
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