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ABSTRACT 

Purpose - In this new era, due to the market competition, there are a lot of pressures in 

the SME manufacturers.  Most of the manufacturers are facing challenges, such as 

increasing product variety, small lot size and short delivery time, but there is lack of a 

suitable and practical methodology to solve such problems.  This study is mainly 

based on drilling down into an SME manufacturer, exploring the limitation in its current 

business model and determining the boundaries of its operation process. 

Design/methodology/approach - This research paper develops a new business model, 

two-phase operation process and standardization modular design to solve the above 

problems and then trial run the new business model in the SME manufacturing company. 

Findings - The results prove that the new business model and the new operation process 

not only solve the problems in product variety, small lot size and short delivery time, 

but also create a synergic effect for transformation of the surplus to business 

opportunities, and improve the efficiency and effectiveness in the operation. 
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Research limitations/implications - This study only focuses on an SME manufacturer, 

so that the results and conclusions are limited.  In the future, it would be interesting to 

collect data from other manufacturers and conduct a cross-country comparison study.   

Originality/value – The study provides a clear roadmap for exploratory and cost-

effective solutions for other SME manufacturers to achieve continuous improvement of 

their business model. 

 

Keywords: Continuous Improvement, PDCA Cycle, Standardization. 
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1. INTRODUTION 

E-commerce is changing purchasing behavior from traditional channels to Omni-

channels, many trading and manufacturers also run their retail business through the E-

commerce.  Due to the end customers frequently requesting products with personal 

characteristics, such as choosing products with specific colors, styles, or logos.  

Therefore, the business process in the manufacturer has changed from Mass Production 

(MP) to Mass Customization (MC) for mass product variety, small lot size, and short 

delivery time.   

From the above, problems arise such as how to increase the product flexibility and 

variety; how to shorten the product delivery time; how to improve the surplus of the 

finished goods; how to improve the cost saving; and how to solve the limitation in 

production for MC products.  These are the key factors those most manufacturers are 

facing.   



There are a lot of external forces driving product variety, mass customization and short 

delivery time, but there are a lot of limitations in production in fulfilling such 

requirements, especially for Small and Medium-sized Enterprises (SMEs).  According 

to James and Mondal (2019), setups are sequence dependent because they depend not 

only on the next job to be processed, but also on the previous job processed.  The setup 

times cause a loss of valuable time and production efficiency due to a high variety of 

products in MC.  

SMEs have been a crucial factor for growth in countries all over the world.  According 

to the statistics from Mainland China, the European Union (EU), Hong Kong and the 

US, SMEs represent over 98% of all business units in their countries [11][12][13][14].  

According to Radziwona et al. (2014), in the EU, SMEs provide approximately 20% of 

all jobs in industry, and the manufacturing activity represents about 21% of the total EU 

GDP.  It has been shown that SMEs are not only contributing to employment but also 

economic development in the global and regional economic recovery. 

The objective of this paper is to analyze the root causes and determine the key issues 

that need to be improved in the business model of the SME manufacturing industry 

when they are facing the change from MP to MC (product variety, small lot size and 

short delivery time).  We develop a new business model and new operation process 

for the SME manufacturing industry by implementing has refined business model 

described in this paper. 

 

2. LITERATURE REVIEW 

2.1. From Mass Production to Mass Customization 



The business process of manufacturing has changed a lot in the past few decades.  It 

changed from MP to MC, then to small batch customization of products and short 

delivery time.  MC is the rapid, low-cost production of goods that fulfill increasingly 

unique customer requirements.  However, MC is not only about variety, but also about 

making precisely what the customer wants economically (Heizer et al., 2017).  

According to Graman and Bukovinsky (2005), MC implies the ability to customize a 

large volume of products and deliver them at close to MP prices, and it adopts the 

approach of creating variety and customization through flexibility and quick response.  

The revised system was redesigned and the product development, manufacturing and 

logistics were affected in order to provide modularity and flexibility (Traian and Aurel 

2015).  

 

2.2. Overview of different Business Models in Manufacturing 

In the past, most of the manufacturers were using the Make-to-Stock (MTS) business 

model to handle MP.  Due to the current market change from MP to MC, there are 

different business models in the manufacturing environment, such as Assemble-to-

Order (ATO), Make-to-Order (MTO) and Engineer-to-Order (ETO) (Olhager, 2003) 

and Configure-to-Order (CTO) (Aqlan et al., 2014).  The different of those models are 

related to different positions of Order Penetration Point (OPP), the OPP means the stage 

in the manufacturing value chain where the customized product is linked to a specific 

customer order (Olhager, 2003).  OPP provides a way of distinguishing between 

manufacturing approaches, defining the point in the manufacturing process where a 

product is linked to a customer order (Haug et al., 2009).  Figure 1 shows the OPP in 

five models, the dotted lines depict the production activities that are forecast-driven, 

and the straight lines depict customer-order-driven activities. 



 

 

Figure 1. The OPP in MTS, ATO, MTO, CTO and ETO models 

 

 Business model of Make-to-Stock  

The MTS model is suitable to produce standard products in low variety and at high 

volume.  The operations are not flexible but benefit from low operating costs (Graman 

and Bukovinsky, 2005).  In the MTS model, products are created before receiving a 

customer order.  The delivery time is short, but it needs to keep a lot of products.  As 

shown in Figure 1, the OPP is located at shipment phase. 

 

 Business model of Assemble-to-Order ATO 

The ATO model produces the products by forecasting, but it will run the final assembly 

process after receiving the sales order.  The advantage of the ATO model can produce 

a variety of products from limited components and it can start the final assembly process 

after receiving the sales order.  As shown in Figure 1, the OPP is located at final 

assembly phase. 

 

 Business model of Make-to-Order 



The MTO model provides mass variety, high levels of customized product, but in high 

operating costs (Graman and Bukovinsky, 2005).  Due to the raw materials will be 

purchased and produced after receiving a customer order, the delivery time is longer 

than using MTS and ATO models.  As shown in Figure 1, the OPP is located at 

fabrication and procurement phase. 

 

 Business model of Configure-to-Order CTO 

The CTO model produces and keeps the components on a forecasted plan, then 

assembles the components after receiving the sales order.  The advantages of the CTO 

model are the flexibility of mass customization, delivery time, and efficiency of mass 

production (Aqlan et al., 2014).  In the ATO and MTO models, manufacturers can 

configure the products based on the customer order, in the CTO model, it allows 

customers to configure the finished product that they want to buy.  As shown in Figure 

1, the OPP is located between design and fabrication & procurement phases.  

 

 Business model of Engineer-to-Order 

The ETO model provides an environment with ultimate customization.  The final 

product may not be modified the specifications but may be required to change the 

design and production methods.  As shown in Figure 1, the OPP is located at the 

design phase, so that the delivery time will be very long which includes engineering 

design, material acquisition and manufacturing time (Akinc and Meredith, 2015). 

 

2.3. Overview of other methodologies for Mass Customization 



Time Postponement and form postponement are other methods of using inventory 

differentiation to solve the MC problems (Graman and Bukovinsky, 2005, Heizer et al., 

2017).  Time postponement delays the differentiation tasks of the operation tier as late 

as possible in the production flow process.  Form postponement is to standardize the 

upstream stages as much as possible so that the product remains generic longer.  

Standardization of components effectively delays the point of product differentiation 

through increasing component commonality and modularization.   

 

2.4. Internet of Things and Cloud Manufacturing 

Internet of Things (IOT) and cloud manufacturing provide another direction to solve 

the customized / personalized products problem that used to be solved by the collective 

efforts from consumers, manufacturers and third parties (Yang et al., 2017).  IOT 

provides real-time sensing and fast transmission capability of data, and can greatly 

facilitate remote operation in manufacturing activities and efficient collaboration 

among stakeholders.  However, the method does not seems to provide communication 

among the machines in the production line and the cost of robots for the production line 

may not be affordable by SMEs. 

 

2.5. Cellular Manufacturing 

Cellular manufacturing involves using multiple cells in an assembly line, and each of 

these cells is made up of one or more different machines to complete a certain task.  

Usually the cells are arranged in a “U-shape” design whereby it can allow an inspector 

move less and more easily in observing the whole process.  According to Torabi and 

Amiri (2012), cellular manufacturing focuses on shop floor control and it may be more 



effective in small and medium production sizes, and is suitable for products with steady 

demand.  It may not be suitable for product with a high variation in demand or product 

mix. 

 

2.6. Flexible Manufacturing and Three Dimensional Printing 

According to Tien (2011), there are a number of technological advances that can better 

enable MC, such as flexible manufacturing and three dimensional printing.  Flexible 

manufacturing, sometimes referred to as rapid prototyping, is a key MC enabler, and 

depends on advanced computer and communication technologies.  In the current 

technology, Three Dimensional (3D) prototyping uses the Computer-Aided Design 

(CAD) software to develop Two Dimensional (2D) layers of discrete thickness products, 

such as dental parts, hearing aids, knee replacements and other replacement parts.  

Although it can quickly develop customized models and eliminate the use of tooling or 

molding, the materials are limited to resins, thermoplastics, ceramics, composites or 

metal powders.   

 

2.7. Limitation of Mass Customization 

According to James and Mondal (2019), there are a lot of limitations in the real MC 

environment.  They found out that MC decreased machine efficiency, due to a lot of 

parameters involved such as product variety, lot size, changes in product design, and 

complexity in business process etc. 

 

2.8. Customer Behavior 



For the customer, the advantage of MC is provided in the large product selection.  

Usually the price of MC is most likely lower and the delivery time is shorter than the 

full tailored product.  According to Haug (2009) and Piller (2004), ‘‘Do customers 

need customized products?’’, ‘‘If yes, what prevents them from purchasing these 

offerings?’’, ‘‘Do we have the enabling technologies for MC?’’, and ‘‘why do many 

firms fail during and after the introduction of MC?’’.  The motivation for a company 

to switch from MP to MC is to allow customers to join the co-design process but keep 

the costs of products close to those of MP.  It will also improve the internal processes, 

and let the customers modify the existing products (Hsu, et al., 2014). 

 

2.9. Research Gaps 

Although there are a lot of SMEs in the world, many approaches to improving 

performance are not practical (Thürer et al., 2011).  According to Hofmann and Rüsch 

(2017), the definition of the concept for Industry 4.0 is not clear in the existing academic 

literature, there are a lot of risks, costs and barriers when implementing Industry 4.0.  

It seems that IOT, cellular manufacturing and 3D printing are not suitable to solve the 

mass customization in SME.  Therefore, in this project, we develop a new business 

model and new operation process for SME manufacturers to handle the product variety 

in small lot sizes and in short delivery time.  Besides, it determines purchasing 

behavior in ordering customized products. 

 

3. RESEARCH METHODOLOGY 

This project analyzes the root causes and determines the key issues that need to be 

improved in the current business model of an SME manufacturer when they are facing 



the change from MP to MC, small lot size and short delivery time.  The roadmap of 

the research methodology includes five phases for the implementation of the proposed 

framework, as shown in Figure 2. 

   

 

Figure 2. Roadmap of the Research Methodology 

 

3.1. Running the Background Study 

This project studies the current business models and operation processes, addressing 

the problems faced, the limitations of the production processes and the limitations of 

product design.   

 

3.2. Development the New Business Model, New Operation Process and Modular 

Design 



The project is based on the design of a new business model for the SME manufacturing 

industry and defining and identifying the criteria and Key Performance Indexes (KPI) 

to measure the improvement in the new business model.  Further, the new operation 

process is also designed to run with the new business model, and restructured product 

design.  The new business model is then fine-tuned and a feasibility study undertaken 

to ensure the requirements are fulfilled. 

 

3.3. Product selection for the sampling 

In the sample selection, all the samples of the standard products and customized 

products need to cover all kinds of models in the MTC.  Therefore, the proportion in 

the sampling size is based on the ratio of each kind of product and those products need 

to be fulfill in some criteria. 

 

3.4. Strategic Management of Pricing, Delivery time and MOQ 

Strategy management for the selling price, delivery time, and MOQ is a hot topic in the 

marketing approach and in customer behavior.  How to set the equilibrium point 

directly affects the result of the sales volume.  Before implementing the new business 

model, the company should adopt strategy management for price setting, product 

delivery time and MOQ. 

 

3.5. Launching the new business model and new operation process 

The new business model and the Two-phase operation process will run for four months, 

all the sales and inventory data will be collected and analyzed.  Then comparing the 

results between the current and new business models. 



 

4. CASE STUDY 

ABC Company Limited is a leading classic tin toy and gift company in Hong Kong and 

has the largest tin toy factory in Shanghai.  Its activities include manufacturing, and 

wholesale and retail business.  It has its own brand – Saint John - and its markets 

include China, Hong Kong, France, Spain and other countries.   

 

4.1. Company Background and Current Business Model 

ABC uses the MTS and MTO models to handle different kinds of business.  Table 1 

shows that ABC uses the MTS model to run new design products and current products 

for retail, Business to Customer (B2C) from the e-commerce and retail shop.  One of 

the reasons is that the labor and material costs per Stock Keeping Unit (SKU) in using 

the MTS model are lower than for the MTO model, and the product delivery time is 

shorter than the MTO model.  On the other hand, it uses the MTO model to produce 

all the customized products and current products for the wholesale business, thereby it 

does not need to keep a lot of finished products, and the delivery time in the wholesale 

business is sufficient for production and product delivery.  

 

Table 1. Current business models 

 Wholesale 

Business 

Retail 

Business 

New Standard Product MTS MTS 

Current Standard Product MTO MTS 

Customized Product MTO MTO 



 

Table 2 shows the ABC operation process, it contains eight key phases: they are Product 

Design, Mold Making, Tinplate printing, QA & QC in Calibration, Tinplate Toasting, 

Tinplate stamping, Assembling & Packing, and QA & QC in Finished Goods.   

 

Table 2. ABC operation process. 

(Phase I) 

Product Design 

(Phase V) 

Tinplate Toasting 

(Phase II) 

Mold Making 

(Phase VI) 

Tinplate Stamping 

(Phase III) 

Tinplate printing 

(Phase VII) 

Assembling & Packing 

(Phase IV) 

QA & QC (Calibration) 

(Phase VIII) 

QA & QC (Finished Goods) 

 

As the customer requirement and ordering are changing from standard products to 

customized products, the business models MTS and MTO cannot fulfill the requirement 

for product variety, small lot size, and short delivery time.  After examining the 

problems faced, it was found that there are specific limitations in the production 

processes and product design. 

 

4.2. Limitation in Current Operation Process 

There are totally three operation processes with limitations: tinplate printing, tinplate 

toasting and tinplate stamping. 



 

4.2.1. The limitation in tinplate printing 

Before running the tinplate printing process, the following steps are taken for printing 

materials.  Figure 3 shows the procedure of tinplate printing.  The key factors that 

need to be considered for tinplate printing are  

 Time consumption during the machine setting 

 Material wastage and labor time during the trial run and calibration 

Therefore, ABC sets an economic lot size in tinplate printing as 1000 sheets. 

 

 

Figure 3. ABC operation flow of tinplate printing 

 

4.2.2. The limitation in tinplate toasting 

Same as tinplate printing, before running the tinplate toasting, the toasting machine 

needs to run a sequence of preparation procedures, as shown in Figure 4.  The key 

factors that need to consider for the tinplate toasting are  

 All the tinplate printing products must run the tinplate toasting within a short 

period  

 Time consumption during the machine setting 

 Resource (electricity) waste during turn start-up of the tinplate toasting 



machine to constant temperature and humidity 

Therefore, ABC sets an economic lot size in tinplate toasting as 1000 sheets. 

 

 

Figure 4. ABC operation flow of tinplate toasting 

 

4.2.3. The limitation in tinplate stamping 

ABC contains 12 sets of stamping machines in the production department, it could run 

12 kinds of different parts concurrently.  Before running the tinplate stamping, it needs 

to run a sequence of preparation procedures.  Figure 5 shows the steps of preparation 

procedures.  The key factors that need to consider for the tinplate toasting printing are 

 Time consumption during the machine setting 

 Material wastage during the trial run 

Therefore, ABC sets an economic lot size in tinplate stamping as 500 sheets. 

 

 

Figure 5. ABC operation flow of tinplate stamping 



 

From the above limitation in the current business model and operation process, ABC 

sets the MOQ to 300 units per item for the current standard products and 1000 units for 

the customized products in the wholesale business. 

 

4.3. Limitation in Product Design 

The product design is based on the method of classic tin toy design so that most of the 

product designs do not consider product flexibility, mass variety, and standardization.  

Further, there are many products that do not have modular design or standardization 

thereby the parts in product A cannot be shared with product B.  This is one of the 

reasons for the limited product flexibility and mass variety.  Owing to the above 

reasons, the cost and the selling price of the customized products are very high, and the 

product delivery time of customized products is very long.  

 

5. DEVELOPMENT THE NEW BUSINESS MODEL, NEW OPERATION 

PROCESS AND MODULAR DESIGN 

5.1. Development the New Business Model 

There are a lot of criteria and constraints that need to be fulfilled when developing a 

new business model for SMEs.  

 Limited Resources in SMEs 

Most SMEs have limited resources, so the initial and running costs of switching and 

applying the new business model should be as low as possible. 

 Easy to Switch from the Current Business Model to the New Business Model  



The new business model needs to be exchanged and implemented easily from the 

current one, so that the switching process could involve a seamless integration. 

 To Improve the Product Variety 

The new business model needs to be flexible and cost-effective to handle the product 

variety and customized products. 

 To Decrease the Order Quantity of MOQ 

The new business model can decrease the order quantity per item, so as to improve the 

sales order and sales quantity, but would not increase any surplus in the inventory 

control.  

 To Improve the Product Deliverability  

The new business model could improve the product deliverability and shorten the 

product delivery time.  

 To Improve the Inventory Control 

The new business model can improve inventory control and decrease the surplus in the 

warehouse.  

 

To fulfill the above criteria, the new business model is developed (Figure 6) and named 

as Make to Customization (MTC).  It breaks through the current business model from 

wholesale and retail to the degree of customization and short delivery time.  It also 

improves the two independent MTS and MTO models to five integrated MTS, ATO, 

MTO, CTO, and ETO models. 

In the MTC, the MTS model is only assigned to handle the short delivery time of the 

new standard products.  The ATO model used to process the long delivery time of the 



new standard products, all the current standard products, and all the slightly different 

customized products.  The MTO model is used to process partially different 

customized products, the CTO model is used to handle unique customized products, 

and the ETO model is used to run the almost different customized product.  From the 

above, the MTC not only integrates five individual models but also has a synergic effect 

on the products.  

 

 

Figure 6. New Business Model - Make to Customization 

 

5.2. Development the Two-Phase Operation Process 

To implement the MTC model, a new operation process was developed and named as 

“Two-Phase Operation Process” (Figure 7).  In the current operation process, the MTS 

and MTO models are run separately, and in the new business process, five models are 

integrated using one intelligent business process.  The principle of the Two-phase 



operation process is time postponement, and the mechanism separates the process of 

the whole production into two phases, phase I and phase II.     

 

 Phase I  

In phase I, the process is based on sales analysis and forecasting, and the minimum 

stock level to produce and assemble the parts, common-parts and standard products, 

and then transfer them to the warehouse.  Besides, it will process the customized parts 

after receiving the sales order and using ATO, MTO, CTO, or ETO models for 

processing.   

 Phase II 

In phase II, it will run the final assembly and shipment process.  This process will be 

run immediately after the Phase I process when using the MTS model; after receiving 

the sales order handled by the ATO model, or after completing the further process for 

customized component in Phase I when using the MTO, CTO and ETO models.  

  

 



Figure 7. Two-Phase Operation Process  

 

5.3. Product Reengineering: Modular Design and Standardization 

To improve the efficiency and effectiveness of the new business model and the Two-

phase operation process method, module design and standardization should be applied.  

Although module design is a general design method, it is new to the traditional or tin 

toy industry.  Figure 8 shows the module design products of parts such as arm, head, 

and cap, could be interchangeable, thus they could use the ATO, MTO, CTO, and ETO 

models to produce different degrees of customized products.  It can improve the 

product flexibility, variety, and shorten the production time.  

 

  

Figure 8. Products with modular design 

  

5.4. Product selection for the Trial Run Sampling 

The new business model and the Two-phase operation process will run for four months, 

and all the selected products for sampling need to cover all kinds of models in the MTC.  

In the sample selection, all the samples of the standard products and customized 

products must include five different models, so there are 25 kinds of samples to be 

selected. 



 

5.5. Strategy Management for Pricing, Delivery Time and MOQ 

In order to determine the competition in customized products, the strategy is to set up 

an equilibrium point among the selling price, product delivery time and MOQ to avoid 

negative the customer buying behavior (Figure 9).   

 

 

Figure 9. Strategy of the degree of customization, delivery time, selling price and 

MOQ 

  

For the standard and slightly different customized products handled by the MTS and 

ATO models, due to the production cost and time being very close, then the selling price, 

delivery time and MOQ for those products will be the same.  Besides, the MOQ 

quantity is reduced from 300 to 50 units per item, and the product delivery time is one 

day for delivery (Table 3). 



For the partially different and unique customized products handled by the MTO and 

CTO models, due to the production cost and time decreasing, the selling price is set to 

around 20% more than the standard product, and the product delivery time is shorter 

than the current customized product, and the MOQ is reduced from 1000 to 200 units 

per item.  Same as partially different customized products, the almost different 

customized products handled by the ETO model, the MOQ is reduced from 1000 to 300 

units per item. 

 

Table 3. Summary of the Pricing, delivery time and MOQ for different models 

 Before After 

 MTS MTO MTS ATO MTO CTO ETO 

Degree of 

Customized 

Product 

Standard 

Product 

Customized 

Product Standard 

Standard

/Slightly 

different 

Partially  

different 
Unique 

Almost 

different 

Delivery time 1 day 

Longer than 

standard 

product 

1 day 
Shorter than current  

customized product 

Selling Price - 

Higher than 

standard 

product 

Same 
Lower than current  

customized product 

MOQ (Unit) 300 1000 50 200 300 

 

5.6. Synergic Effect in the New Business Model 

Even the sales volume is less than 1000 units, due to the economic lot size in production 

is 1000 units per item, all the surplus in phase I (Figure 7) will be kept in stock.  Then 

the surplus can provide more options for different degrees of customized products and 

shorten the product delivery time when using the ATO, MTO, CTO, and ETO models. 

 



6. RESULTS 

The proposed new business model with the Two-phase operation process and module 

design enables the manufacturer to solve the current problems in the market – mass 

customization, small in lot size, and short delivery time.  After a trial run of the new 

method in the case company for four months, it was found that the sales quantity 

increased, and the number of inventory in the warehouse decreased.   

Furthers, the MTC model can reduce the quantity of MOQ, and shorten the product 

delivery time for most of the customized products, so that it can improve the sales 

volume and decrease any surplus in inventory. 

 

6.1. Improving the Sales Quantity  

As customized products are controlled by the MTC model, the total sales volume is 

increased by 29%.  Table 4 shows the comparison of the sales volume before and after 

the proposed model.    

 

Table 4. Summary of four months sales quantity 

Product Before After 

(Average in 

4 months) 

Percentage of  

Improvement 

Standard 4,100 2,375 -42% 

All Customized 

Product 

1,500 4,875 225% 

Total (Unit) 5,600 7,250 29% 

 

Table 5 shows that sales volume of slightly different customized products is 41% of the 

total sales volume, highlighting the trend in the demand for different customized 



products, especially as the slightly different customized products is increasing rapidly, 

but standard products is seen reverse.  In the past, the selling price of slightly different 

customized product was higher than the standard products, the delivery time was longer, 

and the MOQ was higher.  After using the MTC model to produce slightly different 

customized products, the selling price, product delivery time, and MOQ are the same 

as for the standard product.  This is the reason that the demand from the market is for 

slightly different customized products. 

 

Table 5. Detail of four months sales quantity 

 

 

 

 

 

 

6.2. Reducing the Surplus in the Inventory 

After using the MTC model, the percentage of all the finished goods in the warehouse 

is decreased by 62%.  Table 6 shows the summaries of the finished goods in the 

warehouse.  For standard products, the percentage of finished goods decreased by 

74%.  For all the customized products, as some items were using non-modular design 

products, so the surplus slightly increases 200 units. 

Due to the economic lot size in production being 1000 units, all the surplus finished 

goods are kept in the warehouse.  After using the MTC and the Two-phase operation 

Degree of 

Customized 

Product 

Before After 

(Average in 

4 months) 

Percentage 

Standard 4,100 2,375 33% 

Slightly different  2,975 41% 

Partially different  350 5% 

Unique  1,500 1,400 19% 

Almost different  150 2% 

Total (Unit) 5,600 7,250 100% 



process, the surplus for different customized products is improved.  The MTC 

transforms the surplus to improve product flexibility and variety and shortens the 

product delivery time. 

 

Table 6. Summary of the stock data (finished goods) 

Product Before After 

(The end of 

last month) 

Percentage of  

Improvement 

Standard 6,000 1,550 74% 

All Customized 

Product 

900 1,100 -22% 

Total (Unit) 6,900 2,650 62% 

 

6.3. Shortening the Product Delivery Time 

In the MTC, the ATO model meets the target – it could complete the final assembly 

process and start the product delivery within one day (Table 7).  There is no doubt that 

the delivery time of the MTS model is the shortest, but it limits product variety and 

flexibility.  The ATO model includes the advantages of product variety, flexibility, and 

shortens the product delivery time.  It proves that the ATO model can replace the MTS 

model for handling all the standard and slightly different customized products in these 

four months successfully. 

Table 7. Summary of the product delivery time for slightly different customized 

product 

Product Before After 

Current  

Standard Product 

1 day 1 day 

Slightly different 

Customized Product 

Longer 

than 1 day 

1 day 



 

For the partially customized products, the product delivery time in using the new MTO 

model is faster than the current MTO model.  For the unique customized products, the 

production time in using the CTO model with module design is 50% shorter than using 

the current MTO model without module design. 

  

6.4. Decreasing the Minimum Order Quantity 

By implementing the MTC model, it reduces the quantity of the MOQ for the standard 

products from 300 to 50 units, and customized products from 1000 to 50- 300 units.  

After running the revised MOQ for four months, there is not only an increase in the 

sales volume but also the redundancy of the final product was improved.  Table 8 

shows the MOQ for all products. 

Table 8. Summary of the MOQ per item 

Product Before 

(Unit) 

After 

(Unit) 

Current Standard 

Product 

300 50 

All Customized 

Product 

1000 50 - 300 

 

7. CONCLUSIONS 

In the ABC production line, the economic lot size for production is set to 1000 units so 

that the MOQ of the standard and customized products is set to 300 and 1000 units, 

resulting in a large surplus of the final products in the warehouse.  After using the 

MTC model with the Two-phase operation process and module design for four months, 

even reducing the MOQ quantity, it remedies the surplus for different customized 



products and speeds up the delivery time for a modular design product.  It turns out 

that after reducing the order quantity, increasing the product variety, and shortening the 

product delivery time, it can not only improve the sales volume and product flexibility 

but also decreases the inventory surplus.     

It shows that customers prefer slightly different customized products compared to 

standard products, if the price, product delivery time, and MOQ between two kinds of 

products are the same.  Otherwise, they prefer the standard product rather than the 

customized product.  On the other hand, partially different, unique, and almost 

different customized products belong to the niche market, where most customers accept 

a higher selling price, longer delivery time, and higher MOQ.   

In the current business model, with overstocking in the warehouse, it will affect the 

cash flow and the overhead costs in inventory control.  In using MTC model, due to 

the five models being integrated, the whole operation process is split into two phases 

and adopt modular design product; therefore the surplus will create the synergic effect, 

and will transform the surplus to business opportunities and improve the operation 

efficiency and effectiveness. 

As the MTC model and the Two-phase operation process have only ran for four months 

in an SME manufacturing company.  In the future, it will collect data from other 

manufacturers and carry out continuous improvement through the Plan-Do-Check-Act 

(PDCA) cycle approach for improving the model and process. 
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