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1. Abstract: 

     The EMS industry should develop methods of improving profitability and 
market share. In the 1990s, EMS aggressively purchased OEM plants and grew fast 
over the next ten years. In 2001, the electronics industry faced the IT recession and 
depression. From then until now, the profitability of the EMS industry has remained 
low except for a limited number of companies. 
 
     EMS have been continuing to purchase OEM plants even today for obtaining 
outsourcing jobs from OEM, besides that, EMS have been establishing their own 
plants in the area of low production cost, such as East Europe and China, for  
strengthen cost competitiveness.This situation generated surplus production 
capacity for which EMS required to carry out restructuring by reducing production  
capacity and, EMS scraped their existing plants worldwide basis in order to adjust  
their production capacity to meet order rate from OEM. As far as EMS business 
fully depend on OEM, this situation is inevitable, which we named this situation as  
repositioning of production plants location. 
 

This paper discusses that EMS profitability on repositioning of plant location 
can be explained by focusing on Rate of Operation. i.e. Key condition to improve 
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profitability is to utilize Rate of Operation as an index of profitability.  For 
demonstrating this hypothesis, relation between Rate of Operation and Profitability 
is discussed in the following two ways. 
(1) For proving the relation, Rate of Operation figured out from past EMS 

financial report is confronted with profit data. For figuring out Rate of 
Operation based on financial report, we developed our own method. 

(2) For proving the relation, we developed formula which shows relation between 
Profit and Rate of Operation and, demonstrated that the formula can effectively 
use for strategic decision by EMS management so that profit by repositioning 
of plant location can be optimized.    

In the past, Rate of Operation have not been discussed in relation to profitability,  
even in EMS financial report submitted to US Security and Exchange Commission 
which has section of management discussion disclosing important management  
issues. This means EMS have not been focusing on Rate of Operation. 
 

2. Introduction 
 

2.1 Terminology 
 

The terminology of EMS and OEM are defined as follows: 
(1) EMS provides OEM with Supply Chain Management (SCM) services such as 

printed circuit board (PCB) assembly, final product assembly, new product 
introduction (NPI) which is a part of design engineering for sharing design 
process with OEM, and several after-sales services. 

(2) OEMs provide the market with branded products that are designed using their 
own design engineering capability. As to manufacturing, OEMs use either their 
own facilities or the SCM service of an EMS.  

 
2.2 OEM and EMS relation 

 
For an OEM, a relationship with an EMS is just a pre-requisite for its success, 

since EMS account for over 10% of OEM manufacturing volume and contribute to 
OEMs in the following three areas. 

(1) OEMs can absorb surplus volume caused by fluctuation in market demand.  
(2) OEMs can lower production costs by outsourcing production to EMS. 
(3) OEMs can concentrate their internal resources into more productive areas such 

as design engineering, manufacturing of high-end products, and shortening time for 
new product shipment.  

 
Kita (2001) remarked that, because of short product life cycles, to remain 

competitive, OEM must be able to develop products quickly. To speed development, 
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OEMs have been moving to outsource manufacturing/assembly and concentrating 
on areas of core competence. Barnes et al. (2000) found that OEM outsourced 
manufacturing to EMS in order to become more flexible and to downsize during the 
recession that occurred in the early 1990s. 
 

3. Outlook of EMS industry 
 

The EMS industry consists of approximately 1,000 companies1). Of these, six 
(Flextronics, Celestica, Sanmina-SCI, Solectron, Jabil Circuit, and Foxconn) are 
Tier 1 companies (over US$ 10 billion in sales revenue), and five are Tier 2 
companies (over US$ 1 billion). The cost of goods sold (COGS) by these 11 
companies was 65% of the total COGS of the EMS industry (Tier 1 accounted for 
58%, and Tier 2 for 6.5%), which was $123 billion in 2005. Tier 1 accounted for 
$72 billion and Tier 2 accounted for $8.8 billion (Miscioscia2005). The EMS below 
Tier 2 are small local companies that service OEMs. This paper focuses on Tier 1 
companies. In 2005, the worldwide COGS in the electronics industry were a little 
over $1,000 billion, of which the EMS share was approximately 12% 2). Inagaki 
(2001) estimated that EMS market share had already reached 13% in 2000 because 
of aggressive purchasing of OEM facilities and that EMS share would attain 20% 
within 10 years. However, this forecast proved inaccurate and share actually 
decreased over the past five years In addition to losing market share, EMS 
profitability also fell, as shown in Figure 13). Among Tier 1 EMS, only Jabil has 
been consistently profitable. Foxconn, a Tier 1 EMS, was excluded from our study 
since, for part of the period studied, their financial report was not available.  
There has been limited research into methods of improving EMS profitability. The 
only study we are aware of is Sturgeon (2003), who discussed workforce 
downsizing, development of the Built to Order business, and entry into design of 
low-end products, as these related to the post-IT recession environment. 
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4. Factors for repositioning of plant location 

 
There are two factors for repositioning of plant location in EMS Industry as 

follows. 
(1) Focusing on to realize advantage on competition by obtaining outsourcing from 

OEM. 
(2) Focusing on to realize advantage on production cost. 

In the case (1)above, EMS mainly purchase plants owned by OEM, and EMS 
obtain outsourcing of production from the OEM collaterally for subsequent three 
years usually. The trend to purchase OEM plant will not change due to EMS 
business nature that EMS revenue totally depends on OEM outsourcing. Hilmola et 
al. (2005) discussed the need for EMS to continue with purchasing OEM plant to 
maintain revenue. Akino (2001) also showed that EMSs need to purchase plants 
from OEMs, and that consolidation among EMS companies is needed for growth to 
continue.  In the case (2) above, EMS build their own plant in the area where 
advantage on production cost is available and infrastructure necessary for 
manufacturing is reasonably clustered. Each plant obtained under these two factors 
are reasonably profitable however, since number of EMS plant increased, EMS 
resulted in surplus production capacity against outsourcing volume of production 
from OEM. Consequently, EMS faced to obsolescence some of their existing plants 
by restructuring for recovering profitability. As an example, Table 1 shows changes 
of plant in location and in quantity of company S４) who was the largest revenue 
among EMS in 2001. i.e., they added much new plant, while they closed down a lot 
after 2001. Other EMS, 4 out of 6 companies, recorded the same trend of changes as 
shown in Table 1.   

Year 2001 2002 2003 2004 2005
15 14 12 15 4

   (contents) USA 4 6 6 9 2
West Europe 3 5 2 3 2
East Europe 1 0 0 0 0
Asia/Pacific(except J 6 2 2 3 0
Japan 1 1 0 0 0
Latain America 0 0 2 0 0

Plant scraped total 1 17 5 11 15
   (contents) USA 0 2 4 4 10

West Europe 1 10 1 4 3
East Europe 0 0 0 0 0
Asia/Pacific(except J 1 3 0 3 1
Japan 0 0 0 0 1
Latain America 0 2 0 0 0

Plant Newly added total

 
 

5. Paths for profitability improvement of repositioning of plant location 
 

Relating to the factors for repositioning of plant location described in section 
4, there are three paths as measures for improving profitability, as shown in figure 
2, i.e.  

Table 1 
Plant newly added 

& scrapped, by 
location of  
company S 
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[1] To purchase OEM plant for obtaining revenue from OEM collaterally. 
[2] To relocate plant to lower cost areas  
[3] To optimize production capacity by restructuring for matching purchasing 

order rate 
 
 
 
 
 
 
 
 
 
 
 
 
 

[ 2 ]                    [ 1 ] 
 

   [ 3 ] 
 
 
 
 

New Plant built at 
low cost areas 

Purchase plant 
owned by OEM 

Outsourcing from 
OEM to EMS 

Advantage on 
competition 

Floor space 

Restructuring & 
Repositioning of Plant

Market Demand 

Profit 

 
Path [1] is short to middle term measure for getting revenue during the term 

specified by contract with OEM. After expiring contract term which is usually 3 
years, the plant possibly become surplus facility.  
Path [2] is mainly the case that EMS builds plant in the areas of under developing 
countries. Although to create revenue by path [1] and to improve cost by path [2] 
can be realized, surplus plant among existing facility can also be generated and the 
surplus plant affect profitability negatively. Path [3] is measure for improving over 
all profitability, which covers path [1] and [2], and also materialize balance between 
order rate from OEM and EMS production capacity. Therefore we focus on Path [3] 
and discuss that EMS profitability can be explained by using Rate of Operation as 
an index of profitability in section 6 and thereafter.     

 
6. Rate of Operation as an index of profitability 

 
Formula of Rate of Operation5) is shown in (1), which is important index that 

represents utilization rate of production capacity physically.  
Rate of Operation 

=Σ Actual process time used ÷Σ Total available process time of plants---(1) 
However, financial report issued by EMS include neither data of Rate of Operation 
nor data for process time to fulfill formula (1) above. Accordingly, authors propose 
an original method for evaluating profitability, focusing on Rate of Operation as 
described sections hereunder.  

Figure 2  
Path for 

profitability 
improvement
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Restructuring Expenses
Flextronics 4% 4% 2% 4% 1% 2.9%
Celestica 4% 5% 1% 2% 2% 2.3%
Sanmina 3% 2% 1% 1% 1% 1.0%
Solectron 3% 7% 6% 2% 1% 6.6%
Jabil 1% 2% 2% 0% 0% 0.6%

Profit before Tax & Interest
Flextronics -4% -2% 1% -3% 2% -2%
Celestica 0% -6% -3% -7% 0% -4%
Sanmina 2% -31% -1% 0% -9% -6%
Solectron 0% -29% -32% -2% 0% -11%
Jabil 4% 1% 1% 3% 4% 3%

2005
Weghted
Avearge

2001 2002 2003 2004

 
6.1 The index to discuss Rate of Operation 

 
Table 2 below is the index to discuss Rate of Operation 

 
Table 2 Profit structure model       Table 3 Restructuring expense and Profit6) 

Net 　Sales(Revenue)　　 100%
Cost of Sales 98%
  (1)Direct Materials 82.5%
  (2)Transformation Cost 8.5%

Labor 7.0%
Restracturing 0.5%
Equip/Facility 1.0%

  (3)Material Supply Chain Cost 3%
  (4)Selling,General & Admin. 4%

Selling,General & Admin. 3.6%
Intangibles amortization 0.3%
Restructuring charges 0.1%

Income before Tax 2%

Structure

 
Table 2 is developed referring financial result of company F in 2005, which 

the result was moderate. Table 3 shows financial data of restructuring expense and 
profit after 2001 Table 4 shows relation between Profit and Rate of Operation, 
which figures of Rate of Operation are calculated based on Table 2 and 3. 
Calculation method is described in section 6.3. 

 
6.2 Rate of Operation versus Profitability 

 
Table 4 below shows relation between Profit and Rate of Operation regarding 

3 companies whose performance were an average (Flextronics), the worst 
(Solectron) and the best (Jabil ).  

 
Table 4 Profit vs. Rate of Operation 

Flextronics -2% 2.90% 2.41% 72%
Solectron -11% 6.60% 5.48% 36%
Jabil 3% 0.60% 0.50% 94%

Total
restructuring
Expenses

Plant
restructuring
Expenses

Rate of
Operation of
Mf'g Plant

Weighted
5 Years
Average

 
Figures of Profit (Profit before tax and interest) shown in Table 3 and 4 will 

sometimes contains extraordinary profit or loss which is not relating to plant 
operational profit. Therefore figures in Table 4 are not direct comparison between 
plant operational profit and Rate of Operation. However it is obvious that Rate of 
Operation relates to Profit and it is clear that Rate of Operation is an index for 
improving profitability. Method for figuring out Rate of operation is described in 
section 6.3. 
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6.3 The simulation method for Rate of Operation 
 

For figuring out Rate of Operation, it is essential to focus on the restructuring 
expense. As shown in the formula (2), Rate of Operation is figured out by knowing 
surplus asset rate which is shown in formula (3).  Formula (4) shows expenses 
which are contained in Restructuring expense of Plants. 

Rate of Operation = 1- Surplus Asset  rate-------------------------------- (2) 
Surplus Asset Rate = (Restructuring Exp of Plant: A)  

÷ (Expense for maintaining over all plant asset: B  
+ Direct labor expense of plant: C) ----------------- (3) 

A = Surplus labor Expense + expenses for maintaining Surplus Asset 
 + Obsolescence of Asset ----------------------------------------------- (4) 

Restructuring expense of plants is calculated, referring Table 2, in prorate basis of  
restructuring expenses included in Transformation Cost and Selling/General /Admin  
expenses. They are 0.5% and 0.1% respectively. Therefore plant restructuring 
expense is 83% of total restructuring expense shown in table 3. 

B+C is Transformation cost which is 8.5% as shown in Table 2,  
As an example, Rate of Operation of Flextronics, their weighted 5 years 
restructuring expense is 2.9%, based on this figure therefore,  

Surplus Asset Rate= (A: 2.9 %) x 83 % ÷ {(B+C): 8.5 %} =0.28 
Rate of Operation = 1- 0.28 = 0.72, i.e., 72 % 

Restructuring expense will contains some other items which is not relating  
repositioning of plant location, therefore some minor discrepancy from actual figure 
of Rate of Operation which is calculated by formula (1) could happen. 
 

7. Formula for showing relation between Profit and Rate of Operation 
 

This section describes formula that can be utilized for strategic decision by 
EMS management regarding repositioning of plant location. To find out optimum 
point of profitability is essential for strategic decision. Optimum point of 
profitability means that to take balance between domination on market competition 
and restructuring expense, i.e. domination on market competition is realized by 
purchasing OEM plants and establishing plants in cost competitive areas as 
described in section 4, while restructuring expense is associated collaterally. 
   

In order to simulate the optimum point of profitability, this section discusses  
that formula utilized Rate of operation as an index of profitability. Rate of 
Operation can be figured out using formula (1) by plant, although it is time  
consuming to calculate and to gather data of plants associated. Profit is also can be 
figured out, without using Rate of Operation, using current profit structure model 
like Table 2 in section 6.1. However EMS management needs to find key conditions 
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to make strategic decision on profitability in a timely manner. In order to fulfill this 
management needs, discrete calculation by expense or by cost, utilizing profit 
structure model for example, is not effective for dynamic simulation to draw 
optimum conditions of profitability.  
 

Referring formula (4) through (7), relation between Profit and Rate of 
Operation can be led as formula (12), namely, 

Based on formula (4), 
Rate of Operation = 1－ Surplus Asset rate 

=１－（Restructuring expense ÷Transformation cost ）, 
＝（Transformation cost －Restructuring expense） 

÷（Transformation cost） 
＝（Net Transformation cost）÷（Transformation cost） 

--------------- (9) 
  Profit = Sales Revenue – Sales Cost 

    ＝Sales Revenue – (Transformation cost + Other expenses) ------------(10) 
Based on formula (9)and (10), 

Profit = (Revenue – Other expenses) – (Net Transformation cost  
÷Rate of Operation )------------------------------------------------------ (11) 

Formula (12) is led by replacing formula (11) with following letters, 
A： Sales Revenue – Other expenses (Materials, Material supply, Sales & Admin) 
B： Net Transformation cost (no restructuring expense is included in 

  Transformation cost） 
α： Rate of Operation 
Profit＝(A)－(B／α )  -------------------------------------------------------------（１2） 

 
As shown in formula (12), Rate of operation is a factor to affect on Profit 

proportionately.  Formula (12) can be utilized for simulation of repositioning of 
plant location in order to make strategic decision by management as follow. 

(1) To figure out Profit utilizing formula (11) with following conditions which are 
naturally available for simulation, 

    1) Over all current profit structure  
    2) Planned or targeted repositioning plants 

3) Estimated sales revenue generated by newly obtained plants and estimated 
cost of sales associated. 

    4) Decrease of Sales revenue by closing plants and estimated restructuring 
expense.   

By the above figures, profit can be simulated with formula (11) 
(2) To find out optimum repositioning plan by focusing on formula (12)  

   Profit can be figured out by (1), however, issue is to find optimum points which 
is balancing between to keep high profit figure and to keep market domination 
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on competition. 
   Formula (12) provides management with obvious objectives where improvement 

is to be done for improving profitability. i.e. if restructuring expense can not be 
reduced due to new addition of plants in order to dominate market competition, 
Net Transformation cost must be reduced by improving productivity. If Rate of 
Operation shows lower level than targeted level, improve production process 
and reduce manpower. 

  
8. Conclusion: 

 
(1) Repositioning of plant location is essential for EMS industry, especially for Tier  

1 EMS companies who have plants in global location.  
(2) For improvement of profitability on repositioning of plant location, it is 

essential to focus on Path [3] in section 5 and to utilize Rate of Operation as an 
index of profit.  

(3) For management, we suggest to use simulation method proposed in this paper.  
To gather all data of all plants for fulfilling formula (1) in section 5.1 is time  
consuming and not practical to be used for management decision.  

 

9. Postscript 

 

We identified 3 more major areas related to improving EMS profitability. Those are 

M&A for OEM plant under specific principal, competitiveness against Original Design  

Manufacturer (ODM) with a full turn key operation which provides OEM with finished 

products, and development more share in Japan market. For those three areas, we will 

discuss in the future. 

 

Notes 
 
1) Electronics & Electrical Contract Manufacturing, dmoz open directory project. 

Retrieved 27 January 2006 from the Worldwide Web  
http://dmoz.org/Business/Electronics and Electrical/Contract Manufacturing,  

2) Miscioscia, L. Mid–Tier EMS at a Glance, Lehman Brothers Global Equity 
Research, Retrieved June 2 2005, from e-mail delivery which is available 
only for membership account. 

3) Retrieved November 2 2006, from Data base of US Security and Exchange 
Commission, annual report in 10K and 20F forms in each EMS companies. The 
worldwide Web http;//www.sec.gov/edgar/searchedgar/companysearch.htlm 

  
4) Retrieved November 2 2006, from Data base of US Security and Exchange 

Commission, Solectron Corporation, annual report in 10K form.Worldwide Web 
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http://www.sec.gov/cgi-bin/browse-edgar?action=getcompany&cik=0000835541
&type=&datab=&owner=include&star=1608count=40 

5）Retrieved from following two doucuments  
(i) Narusawa,T. (2006),Rate of Operation and Rate of Availability of Operation,  

(vol.52), Koujyoukannri, 86-87. 
(ii)2006, November 10 Encyclopedia for manufacturing terminology,Japan  

Industrial Management Association,.58. 
6) Data base of US Security and Exchange Commission, annual report in 10K and 

20F  fo r ms  in  each  EMS compan ies .   
The worldwide Web http;//www.sec.gov/edgar/searchedgar/companysearch.htlm 
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