TRANSACTIONS https://transactions.nast.ph

ISSN 0115-8848 (print) Vol. 35 Issue No. 2 (2013)
ISSN 2815-2042 (online) https://doi.org/10.57043/transnastphl.2013.3201

Transactions NAST PHL, is the official journal of the National Academy of Science and Technology Philippines. It has traditionally
publishedpaperspresentedduringthe Academy’s AnnualScientificMeetingsince1979topromotescience-basedpolicydiscussions
of and recommendations on timely and relevant national issues as part of its functions as a national science academy. Starting
in 2021, this journal has been open to contributions from the global scientific community in all fields of science and technology.

An Integrative Approach for
hllesail  Developing our Flexible and

Volume 35 Issue No.2 July 2013 ISSN 0115-8848

o~ Sustainable Manufacturing Industry

e

Transactions

oy Iris Ann G. Martinez
& ;@m(f Swmﬁ Wleetm
N . . . .
d ‘m Department of Industrial Engineering and Operations Research
e “amessmme(mlu\ammmmlow University of the Philippines Diliman
RGUEISIII!I the Decline ofthe

2
b HamllaclunnuSeclnrmlllel'lllllnnmes
A ./ |

Citation

Martinez IAG. 2013. An integrative approach for developing our flexible and
sustainable manufacturing industry. Transactions NAST PHL 35(2): 327-346. doi.
org/10.57043/transnastphl.2013.3201

Published by the National Academy of Science and Technology, Philippines

Copyright
© 2013 Martinez IAG

Keywords
Integrative, Flexible, Sustainable, Manufacturing Supply Chain

OPEN This article is licensed under a Creative Commons Attribution 4.0 International License, which allows for the use, sharing, and adaptation of
ACCESS the work, as long as the original author is properly credited. The article can be freely accessed and used for any non-commercial purpose,
provided that the original work is properly cited. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/.



Trans. Nat. Acad. Sci. & Tech. (Philippines) Vol. 35 (No.2), 2013
ISSN 0115-8848

AN INTEGRATIVE APPROACH FOR DEVELOPING A
FLEXIBLE AND SUSTAINABLE MANUFACTURING INDUSTRY

Iris Ann G. Martinez

Department of Industrial Engineering and Operations Research
University of the Philippines Diliman

Abstract

In many countries, manufacturing is seen to play a critical role in the
economy. From the social science, science and engineering perspectives,
various literature have pointed out that the positive effect of manufacturing
goes beyond the output and the employment that it creates. In addition to the
direct results of manufacturing, there is an indirect impact specifically in
terms of supporting the jobs in the other sectors. With the importance of
manufacturing from many perspectives, all with the aim of developing
manufacturing for national progress and economic prosperity, a question
pertinent to explore is, “what will it take for a country to have a competitive
and sustainable manufacturing industry?”

The main proposition of this research is to look at the manufacturing
industry as analogue of its smaller counterparts of manufacturing
organizations. Specifically, this research proposes (1) to manage our
country’s manufacturing industry as a large chain of institutions and
organizations that have the aim of providing products or component goods to
. the local and global market; (2) to structure the internal chain within the
manufacturing industry such that the industry will possess the characteristic
of flexibility to arrive at different products that will be demanded by the
market at any time; and (3) to highlight that the manufacturing industry
should be “self-supporting” which can be done if the profits or rewards of
manufacturing at the different points of the supply chain can be re-invested
for generating scientific and practical knowledge that will be the seed
resource, i.e., raw material, for future manufacturing.

Through case studies, this paper illustrates how different countries that
possess characteristics reflective of integrated activities for manufacturing,
are able to direct their manufacturing industries to highly contribute to their
national development.
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Introduction

In many countries, manufacturing is seen to have a critical function in
the economy. For instance, statistics from the World Bank shows that in
China, value-adding manufacturing industry contributed an average of
31.67% of the GDP for the years 2008 to 2010. For the same period, the
average contribution of the manufacturing industry to Malaysia’s GDP was
24.67%. For Vietnam, where manufacturing GDP was seen to have striking
growth, specifically within the period of 1994-2004, the average contribution
of manufacturing to the GDP for the years 2008 to 2010 was 20%.
Furthermore, for the Philippines, where in recent months analysts have said
Japanese manufacturers are predicted to move to because of high-quality
labor with lower cost and more stable growth compared to China or Vietnam
(Olchandra 2012), the average contribution of manufacturing to the GDP for
years 2008 to 2010 was 21.67%. Just recently, early in the month of June
2013, the 7.8% growth of the Philippine GDP for the first quarter of 2013 is
reported to be largely due to the growth of the industry of 10.9%
(Batungbakal 2013). According to the National Statistics and Coordination
Board, manufacturing grew by 9.7% in the first quarter of 2013, an
improvement to the 6% growth of the same quarter in 2012.

The figures above show the importance of manufacturing from the
standpoint of economics, specifically as a contributor to the GDP. From the
social science, science, and engineering perspectives, various literatures has
pointed out that the positive effect of manufacturing goes beyond the output
and the employment that it creates. In addition to these direct results of
manufacturing, there is an indirect impact, specifically in terms of supporting
the jobs in the other sectors (Hettinger and Gordon, 2011). As economists'
Stephen Cohen and John Zeeman wrote in the late 1980s, the manufacturing
sector does not just include the group of employees who work on the factory
Sfloor. Instead, the manufacturing sector has “direct linkages” to high-level
service jobs throughout the economy: product and process engineering,
design, operations and maintenance, transportation, testing, and lab work, as
well as, sector-specific payroll, accounting, and legal work (Cohen and
Zysman 1988). The importance of the manufacturing sector is, moreover,
reflected in the findings of the Philippine Institute for Development Studies,
which has arrived at the computation that in the Philippines for the Year
2009, the ratio of the productivity, i.e., real value added per worker, of the
manufacturing sector is 2.5 times that of the service sector (Yap 2012).
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1. The Objective of this Paper: To Propose a Methodology for Moving
Towards a Competitive and Sustainable Manufacturing Industry

With the foregoing discussion on the importance of manufacturing to
create jobs and to build the nation’s wealth, an interesting question pertinent
to explore is “What will it take for a country to have a competitive and
sustainable manufacturing industry?”

2. The Proposition of this Research: An Integrative Approach

The main proposition of this research is to have an integrative approach
towards developing the manufacturing industry, involving the building and
strengthening of the supply chains of manufacturing resources to work for
the creation and continuous growth of the nation’s wealth. The integrative
approach involves the iterative series of research, development, innovation,
and reinvestment. This implies that to continuously create compounding
wealth, a process that includes reinvestment of the proceeds from the
manufacturing activity is necessary. Figure 1 shows this iterative process.
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Figure 1. The Manufacturing Industry as an Iterative Process of
Research, Development, Innovation and Reinvestment for the
Continuous Creation of Compounding Wealth.

Sub-proposal of this Research: The Manufacturing Industry as an
Analogue of its Smaller Counterparts of Manufacturing Organizations
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Furthermore, the proposition of this research is to look at the
manufacturing industry as an analogue of its smaller counterparts of
manufacturing organizations. Specifically, this research proposes:

(a) To manage our country’s manufacturing industry as a large chain of
institutions and organizations that have the aim of providing products
or component goods to the local and global market;

(b) To structure the internal chain within the manufacturing industry such
that the industry will possess the characteristic of flexibility to arrive at
different products that will be demanded by the market at any time;
and,

(¢} To highlight that the manufacturing industry should be “self-
supporting,” which can be done if the profits or rewards of
manufacturing at the different points of the supply chain can be re-
invested for generating scientific and practical knowledge that will be
the seed resource, i.e., raw material, for future manufacturing.

Figure 2 illustrates a model of the manufacturing industry as a chain of
suppliers and resources.

To manage the manufacturing industry as a value chain or interconnected
set of organizations ultimately resulting to different products or component
parts, we need to have a common understanding of the critical resources that
must be provided by the value chains. In 1976, Daniel Bell proposed to
distinguish three kinds of societies commonly passed through by different
countries. These are: (1) Pre-industrial, (2) Industrial, and (3) Post-industrial.
Bell said that these three kinds of society develop one after the other,
although a newer society such as an industrial one does not displace the older
one, which is the pre-industrial or the agrarian sector. Figure 3 shows the
Bell’s characterization of societies—.
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For the industrial society, the critical resources are the following: (1) The
transforming resource is created energy; (2) the strategic resource is money
or financial capital; (3) the required skill base is the engineer and semi-
skilled worker; (4) the critical technology is machine technology; and (5) the
methodology is empiricism or experimentation. For the methodology, it is
interesting to note that various authors, including Bell, have pointed out that
innovations that contribute to successful manufacturing industries are
largely results of empiricism or the “tinkering” of people. Steel, automobile,
electricity, and aviation industries of the industrial society, according to Bell,
“were founded and created by talented tinkerers, men who worked
independently of scientific establishment and were ignorant of many theories
of basic science.”

If we are to agree with this, then do we have a value chain for producing
those “tinkerers” or “experimenters” who use primarily their hands to
innovate? Does the Philippines have a continuous, sufficient, and reliable
supply of the strategic capability of the manufacturing industry, which is its
human resource (Prahalad 1983)?

3. The Required Supply Chains

If we superimpose the required resources for manufacturing on the
proposition of this research to look at the manufacturing industry as a supply
chain, the resulting figure will that be as shown by Figure 3. This resulting
figure shows that strong supply chains of (1) the human resource or the
engineers and semi-skilled workers who we said are supposed to be tinkerers,
(2) the machine technology which is the required technology for driving the
industrial society, and (3) the created energy which is the transforming
resource needed to power the machines are critical.
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Perhaps, we may say that the insufficiency of our manufacturing
capability is due to the small number of students who go to Engineering
Technology. We may be graduating too few in the said programs. However,
if we look at the proportion of estimated engineering graduates, in 2011, the
Philippines graduated an estimate of 325,443 students, i.e., about eight times
as many as the engineering graduates of Germany of 40,000, when the
population of the two countries in 2011 differed only by 15%.

Table 2. Comparison of the Philippines and Germany in terms of
Population and Estimated Number of Engineering Graduates in 2011.

2011

Country Population Estimated Number of Engineering
(World Bank Statistics) | Graduates

Philippines | 94.8M 325 443 (source: Pl TVET Stat, 201 1)

Germany 81.8M 40,000 {zource: IEEE, VDI)

We recognize that we have losses in the supply chain of engineers and
semi-skilled workers, such those due to drop outs, inability to enroll in the
next part of the supply chain, and that we have some of them not utilized for
manufacturing as they eventually go to services, or agriculture by which we
also need to do. Nevertheless, we also lose a great number of our resource to
overseas work.

Figure 5 shows that the magnitude of number of those trained by our
technical vocational institutions from 2005-2011 are just about the same as
the magnitude of deployed overseas Filipino workers. Those who are trained
are not exactly the ones who go, however, to retain a critical mass of
technically vocationally trained individuals, it will be safer to have the
number of trained much greater than the number of deployed. Furthermore,
an irony is, many of those we deploy do blue collar work in other countries
even when they are unwilling to perform blue-collar work in our country.
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Figure 4. Losses in the Supply Chain of Engineers and Semi-skilled
Workers.

T ries: Number of Graduates of TVET
TP ( ~ )
Workers (2005-2011) ! 2 2on
Year Total Year |Graduates
2005 988,615 2005 1,154,333
2006 1,062,567 2006 1,340,620
2007 1,077,623 2007 1,702,307
2008 1,236,013 2008 1,812,528
2009 1,422,586 2009 1,903,793
2010 1,470,826 2010 1,344,371
2011* 966,353 2011 1,332,751
Soegce: 2005-2011 Craxrent Labor Statistics, DOLE  Soxmre: Phdlippine TVET Statistice, 2005-2011
* PreBminary

Figure 5. Deployed Overseas Filipino Workers and Number of
Graduates of TVET Institutions (2005-2011).

In the previous section’s comparison of Germany and the Philippines in
terms of the number of engineering graduates, it is apparent that the
strength/weakness of the manufacturing industry does not lie in the number
of Engineering Technology graduates. Can the quality of Engineering
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Technology education and training be the crucial factor? In providing the
proper knowledge and training to our human resource for manufacturing, we
must take note that technology or knowledge is composed of explicit, i.e.,
those that we learn through codified theory, and implicit, i.e., those that we
learn through practice or experience from extended contact with a mentor.
As mentioned by Bell and other researchers, the practical education in
Engineering Technology is particularly significant to create the tinkerers
needed for the Industrial Society.

» For good quality supply chain of human resource

Technology
Explicit Lemplicit (Bxperiential*)
® can be codified * conveyed throngh extended hmnan

contact between mentor and mentee

Source: Martines, 1., Multi-caltaral Technology or Product Development through the Iterative Analysis md
Synthesls of Techmology Companents”,, ASEAN Enghwering Jorznal Part Aol 2 No. 2, 2012

Figure 6. The Two Components of Technology (or Knowledge): Explicit
and Implicit.

Aside from reducing the losses in the supply chain, we must strive to
improve the quality of the supply chain by educating our human resource to
get them ready for manufacturing. We must make sure that we teach
“transferrable skills” or knowledge of how to deal with unexpected problems
that may arise in the manufacturing factory floor and communicating those to
other people. Concretely, we must have a critical mass (inventory) of
vocationally-educated individuals to successfully carry out manufacturing.
The supply must be provided with sufficient explicit and implicit, i.e.,
experiential, knowledge and training. With this, the present study
recommends the following to improve the human resource supply chain:

(1) Reduce the losses.

(2) Improve the quality of education by making secondary education
more prepared for manufacturing:

e Lower secondary: common curriculum containing core skills
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Figure 13. Understanding Consumption Breakdown to Minimize Losses.

In summary, the proposition of this research is to manage the
manufacturing industry as an analogue of individual organizations. This
research suggests managing the manufacturing industry similar to how
supply chains of its smaller counterpart organizations are managed.
Specifically, this research proposes that the manufacturing industry be: (1)
managed as an interrelated chain of organizations and resources, (2) made
flexible to be able to produce different kinds of products and component
parts by postponing specificity as such “specific skills”, “special-purpose
machine tools” as much as possible, and (3) made self-sustaining by making
sure that proceeds from the manufacturing activities are reinvested into the
supply chain.

4, Case Studies: A Brief Look at Other Countries
4.1 Japan

As case studies to show the validity of the proposal, we can look at Japan
whose manufacturing industry ranked 3" in 2010 and whose machine tool
industry was the 2™ largest producer in 2013. Specifically, let us look at the
supply chain of engineers and technical vocational educated human resource.

In Japan, out of 100 who enter the primary education, all of them go to the
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lower secondary education, which is offered in the same location. Out of
these 100 individuals, 95 eventually try to obtain upper secondary and 37 of
them go to higher education. In the upper secondary education, although
there are options of (1) general education, (2) vocational education, and (3)
other specialized programs, contrary to typical opinion, Japan does not really
provide narrow vocational training. Instead vocational education is provided
and even in vocational educational institutions, 50% of the curriculum is
general education. Thus, the students who take vocational education may
streamline back to higher education. Again, vocational education is more
general than specific. Specific trainings are provided during employment
through in-company training. As a matter of fact, it is said that companies
prefer graduates who have basic and fundamental competencies.

4.2 China

In the case of China, there is a slight difference. While like in Japan,
there is a high output of the lower secondary education it being mandatory
and like Japan, there is a significant number of individuals taking vocational
education, specific training is part of vocational education. In vocational
education, like Japan, there is a wide range of specializations and there is a
good percentage of general academic programs. Unlike in Japan, there is
company internship on the last year for one year to teach the individual
commitment to the workplace and good relationship with employers.
However, though specific training is provided earlier than in Japan, like in
Japan, specific training is not provided by the school but by the private
companies.

Thus, we can compare Japan and China. Common characteristics
include:

1. General/core education by the government until before the last year
of secondary education.

2. Technical vocational is hands-on or apprenticeship.

3. Specific technical vocational education is provided by private
company.
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5. Discussions

Having stated and discussed the proposal of this research for an
integrative approach to developing our flexible and sustainable
manufacturing industry, the challenge to our country is this: “If we take on
the proposition of this research on developing the engineers, semi-skilled
workers, machine tool industry and efficient and reliable energy supply
chains, it will take us a long time. Are the Filipinos capable of possessing the
required patience to wait for the long number of years for the engineers and
semi-skilled workers who have hands-on training, which will certainly take
many years from now given the time required to plan the shops, to set them
up and to actually provide the training? Will we have the perseverance to
build a strong machine tool industry that takes the whole chain from the basic
metals to mold and die to machine tools? We do have these industries at
present but have they reached the critical mass of production needed to
sustain the manufacturing industry?” This is a great challenge.

According to Geert Hofstede, the influential Dutch researcher, who
pioneered research works on cross-cultural studies, Filipinos are relatively
short-term in orientation, or we can say “impatient for achieving quick
results”. Thus, this research proposes a long wait which is something
challenging for us. However, perhaps, we can take advantage of our
country’s high Power Distance Index (PDI), similarly proposed by Hofstede,
which implies that The Philippines is a hierarchical society. This means that
people accept a hierarchical order in which everybody has a place and which
needs no further justification. Hierarchy in an organization is seen as
reflecting inherent inequalities, centralization is popular, subordinates expect
to be told what to do and the ideal boss is a benevolent autocrat. Then, we
just need our leadership to be determined to take this approach for the
success and sustainability of our manufacturing industry for all of us to
follow. The validity of that hypothesis is just part of this discussion and is
just a suggestion but is not for which this research has found proof.

6. Conclusions and Policy Recommendations

In conclusion, this research recommends some policies for education, the
machine tool industry, and the energy industry.
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6.1 Policies for Education

The recent decision of the Philippines to move to the K12 curriculum can
be a good starting point for strengthening the supply of engineers and semi-
skilled workers. However, the implementation must be done correctly, with
no regard for interests for the self-promotion of the implementers, but with
the purest intention of providing more knowledge and skills to the next
generations. Following the restructuring of primary and secondary education,
this research recommends the following:

1. Offer the lower secondary education in the same location as the primary
education and remove school fees to decrease student dropouts, which
are the losses to the supply chain of engineers and semi-skilled workers.

2. Offer vocational education tracks that are:
¢ Going to provide skills needed in manufacturing. Tracks must

promote machine technology or the use of machine tools, i.e., basic

industrial processes such as casting, machining or joining (welding)
e Relevant to the manufacturing industry. Consult key manufacturing
industries about long-term skills that they require. Then:

1. Consolidate these skills and identify the most common long-term
skills requirements and translate them into upper secondary
school vocational education.

2. In the last year of upper secondary school training, allow two
options for students:

e vocational education offered within the school

e vocational education through apprenticeship in accredited
companies

3. Vocational tracks must be carefully selected:

e [t should be “needs-based” not based on what is “easy to
teach” or based on the “available resources”. Financial
investment on the relevant machines and tools will be
necessary.

¢ [t should not be too specific to one company unless the
company is willing to sponsor the vocational education
through apprenticeship

4. A government unit must be in charge of linking the trade and
industry unit, labor unit, vocational education unit and finance
unit of the country.
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6.2 Policies for the Machine Tool Industry

Develop the following industries that make up the supply chain of the
machine tool industry.
1. Metals industry
2. Tool and die industry
3. Machine tool fabrication, assembly and repair industry

6.3 Policy on Energy

Set up infrastructure for sustainable technology collaboration within the
country and between Philippines and other countries for the aforementioned
industries and their impacts on energy utilization. Furthermore, implement
measures for utilizing alternative and renewable energy sources but also
efficiently utilizing all these, most especially those that are non-renewable.
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