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Abstract

We, for the first time, propose a new model for technology strategy formulation in Iran’s petrochemical industry. It is
the result of an integrated and systematic hybrid of existing models presented in literature of technology strategy.
Furthermore, we identify strategies of technology development in Iran’s petrochemical industry by using ability —
attractiveness matrix and patent indicators. A list of technologies in the industry, the industry's ability in the
development of technologies, attractiveness of technologies in the industry, and patent indicators in the evaluation of
the industry are identified based on experts’ viewpoints. Data is collected in subsidiary companies. Respondents are
professional employees in these companies doing research in specific fields of petrochemical industry.

Keywords: Research, Investment, Knowledge, Critical technology
1. Introduction

Technology plays a crucial role in competitions. Global market and a shorter life cycle for technologies, today lead
developing countries to face greater challenges in developing their industries (Kartiko et al, 2003); for decades,
technological changes and innovations, driven by research and development have been the most important sources of
productivity growth and increased welfare (Edquist, 2000). Developing countries import technologies; however, a
certain amount of R&D capacity is necessary in the host economy for absorbing them i.e. the imported technologies
should be adapted to local conditions applied for alternative uses.

Technological competencies, amount of investment, technology sourcing and competition need to be managed based
on a strategic point of view. The first and most important step of technology management is to develop a long-term
strategic plan which determines firm’s investment priorities and preferences in the field of technology development,
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called “Technology Strategy” (TS) (Arasti and Packniat, 2011). TS is a concept dates back to the period of World
War 11, when Westinghouse and General Electric companies, in their diversification process, implemented a planning
strategy to manage their technology and development activities (Henderson, 1989).

There are some inconsistencies in using the terms: national TS, firm’s TS, national technology policy, and national
priorities of technologies.

Ford (1988) defines TS as an aspect of business strategy which is concerned with exploiting, developing, and
maintaining the sum total of the company’s knowledge and abilities. Vernet and Arasti (1999) refer to TS as the
firm’s priority in technology development directing the firm’s future directions in technology issues. Firm’s TS is a
model of managerial decisions pertaining to the use of principal technology tools and targets in achieving business
objectives and prioritizing future corporate technological plans (Ghazinoory et al, 2009).

Chang (2002) states that national technology policy is a set of government actions that affect production, acquisition,
adaptation, diffusion, and use of technological knowledge that the government rather than individuals recognizes
them useful for the society (Ghazinoory et al, 2009, 836).

National priorities of technologies are one of the steps in national TS. There are different methods to assess and
identify national technology priorities. One of the most practical methods which is widely used in several countries,
e.g. United States, France and recently in Iran, is the method of critical technologies. This method presents the matrix
of feasibility-attractiveness whereby technologies are prioritized based on feasibility and attractiveness features
(Klusacek, 2011; Ghazinoory et al, 2009).

In Iran’s petrochemical industry (IPI), national TS can be defined as follows:

National TS refers to an integrated set of tasks and responsibilities in each planned technology area based on
technology abilities and attractiveness to achieve defined goals.

To promote the production of petrochemical products in Iran, to hold a worthy position in the world, and to satisfy
the need for "oil-free economy", the petrochemical industry strategic development plan is provided with regard to
appropriate quality and quantity of accessible feed and potential need for domestic and export products. This plan has
suggested constructing thirty petrochemical production complexes in five phases, whereby a high level of average
annual profit and job creation is forecasted (planning and development division of National Petrochemical Industries
Co., 2003). Successful implementation of this plan is subject to acquire international experiences in technology and
IPI cooperation with foreign companies.

Based on literature review, this paper introduces TS concept and suggests an integrated and comprehensive model for
making TS in IPI. According to the suggested model, a technology tree based on petrochemical industry strategic
development plan and forty experts’ viewpoints is defined, prioritized, and analyzed for strategy formulation in each
technology.

2. Models of TS Formulation

There are extensive range of techniques and mechanisms which are used for development of strategies for
technological progress. Models of TS formulation can be categorized from multiple perspectives. For example
models can be either company level or national based on the areas of study. In addition, according to the approach
adopted for TS formulation, models can be classified as decision matrices based models and process based. Besides,
in relation to the specificity of TSs, models can be arranged as general TS and partial TS. Different perspectives and
researches of the models of TS formulation are shown in Figure 1.

<Insert Figure 1 Here>
Several studies have been conducted in the field of TS. There are some examples as follows:

(1) Formulating national strategy of nanotechnology proposed by Ghazinoory et al (2009). They proposed their
model using STEEP analysis, SWOT analysis, critical technologies, and technology planning approach.

(2) TS formulation in Saudi Arabia, Sudan, and Sri Lanka (Al — Saud, 2009) conducted through SWOT
analysis in order to formulate TS at the national level.

(3) Nano — composite strategy in Iranian companies (Ghazinoory and Farazkish, 2010) proposed by using
Chiesa model for TS formulation at the corporate level.

In this paper, the methods used for TS formulation are compared according to the system’s viewpoint (input —
process — output). Techniques of formulating TS are shown in (Table 1).
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<Insert Table 1 Here>

For providing general strategy, there is already a SWOT-based technological strategy planning in IPI. In this study, a
new comprehensive model is presented to put forward TS planning in order to complete the current general strategies.
This model is according to models: 1) critical technologies approach, 2) technology planning approach, 2) a model
described by Yu and Lo (2009), and 3) a model proposed by Ernst (2003), with some changes. The strategies aim to
achieve industry’s goals. These goals are as follows:

(1) To increase the value of petrochemical products,
(2) To increase the production of methanol and polymer,
(3) To increase the market share,
(4) To increase domestic and foreign private sector investment share,
(5) To increase the export share of petrochemical products among non-oil exporting countries,
(6) To deploy and develop new technologies in the petrochemical industry,
(7) To extend partnerships with other countries in constructing petrochemical plants,
(8) To increase the production of petrochemical products with higher value,
(9) To increase the use of information technology in management and production,
(10) To increase the share of GDP in petrochemical industry,
(11) To expand and deepen research,
(12) To improve human resource development in petrochemical sector.

Critical technologies approach: The main objective of preparing a list of critical technologies is adoption of a clear
set of policies that lead the goals to be implemented. In this case, two parameters, attractiveness and feasibility
(CSIRO cited by Parsian Puya Mehr Co., 2009) or importance and likelihood (Millenium Project ctited by Klusacek,
2011) were used. The attractiveness of a technology is determined by its potential socio-economic benefits as well as
scientific and technological opportunities it could provide. The feasibility feature of a technology is identified
according to research and technology potential, and the social awareness for effectively utilizing the new technology
(Ghazinoory et al, 2009, 837). This model is applicable at the firm and national level.

<Insert Figure 2 Here>

Technology planning approach: The use of strategic decision matrix is often emphasized by this approach. One of the
popular models in this field uses the two-dimensional matrix of ability — attractiveness. In general, this method
includes the following four steps (Ghazinoory et al, 2009, 837):

(1) Defining important technologies,
(2) Evaluating firm’s ability in relation to identified technologies,
(3) Evaluating the attractiveness of determined technologies,

(4) Making a decision matrix and locating technologies in the matrix based on evaluations in the previous steps
(Figure 3).

<Insert Figure 3 Here>

(1) Scanning — This means that industry should know the latest development and update its expertise though
there is no tendency for technology commercialization in these areas, instead of abandoning them.

(2) Replacement— Industry should be on the lookout for the new technologies and replace technologies with
more attractive domestic or foreign ones. It is recommended that applied researches should be conducted for
localization and development of more attractive technologies and market entry of these technologies.

(3) Development — Industry should realize the causes and factors related to technology deficiency and should
formulate and execute appropriate plans to enhance industry's technological ability. In order to develop
activities related to these areas, it is recommended to conduct applied research.

(4) Position protection —Industry should harmonize domestic technological changes with global advances
according to the subject, and the aim of conducting basic research in order to initiate major achievement and
create technology.
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(Ghazinoory et al, 2009)
This model is applicable at the firm and national level.
2.1 Patents Role in TS Formulation

A patent is a contract between an inventor and the government, whereby in return for full public disclosure of an
invention, the government grants the inventor the right to exclude others for a limited time from making, using, and
selling the invention (Hufker and Alpert, 1994). In 1965, Frederic Scherer drew economists’ attention to the
importance of patent data as output indicators of industrial innovation in industry (Reitzig, 2004).

The patent databases offer valuable information for TS planning. Patent analysis techniques are widely adopted in
planning the company's technological innovation strategies. Patents are the most widely available indicator of
technological activities gain. There are several indicators which have been found useful to plan the TSs of a company
(Yu et al, 2009; Ernst, 2004; Ernst et al, 2006; Chen and Cathy Lin, 2005; Kiirtdssy, 2004).

We selected two following indicators which are approved to measure technology ability and attractiveness:

(1) Number of declared patents - the number of inventions which received register No. from international patent
databases. Thus, distribution across each technology, research and development activity of industry and
investment in each technology area of the industry are determined.

(2) Patent Growth - the change in the number of patents from one time period to another, increasing of which
indicates emphasis on technologies.

A matrix based on two mentioned indicators is proposed according to TS planning model described by (Yu et al,
2009).

<Insert Figure 4 Here>
(1) Technology agreement— industry should procure licenses from the technology leaders.

(2) Mutual licensing—in this case, two companies or governments mutually licenses technologies to each other
for common interests.

(3) Technology protection—a strategy that concentrates on patenting and develops patents to protect
intellectual properties.

(4) Basic technologies development — this strategy is appropriate for industries that are leading in the
technology and emphasize on leadership. In this case, industry allocates its sources to basic technologies
from which all technologies are originated.

According to TS planning model described by Ernst (2003), a matrix based on two mentioned indicators is proposed.
<Insert Figure 5 Here>
(1) No investment — means to minimize investments and a rigorous process to justify correct operation.

(2) Selective investment — means to retain current programs and allocate investments for technologies which
have low risk and high profitability.

(3) Investment — means to make investment in order to maximize growth and promote technologies’ position.
2.2 Ability — Attractiveness Indicators

In this study, primary indicators for IPI ability in each technology (ability feature) and attractiveness of IPI
technologies (attractiveness feature) are presented through indicators extracted from several researches and patent
indicators showed in (Table 2).

<Insert Table 2 Here>
3. TS Planning in IPI

Our model is an integrated and systemized compound of existing methods. It should be noted that no mechanism or a
specific model has already been devised for TS formulation in IPI.

The suggested model is shown in (Figure 6) which can be described in four steps.
<Insert Figure 6 Here>

Step 1- Preparation of technology areas and existing TS in IPI: at first, the list of different areas of technology is
prepared based on petrochemical industry strategic development plan and experts’ viewpoints.

Published by Sciedu Press 60 ISSN 1923-4007  E-ISSN 1923-4015



www.sciedu.ca/ijba International Journal of Business Administration Vol. 4, No. 2; 2013

Before presenting technology tree of IPI, it is necessary to deal with the definition of technology in this research.
There are various definitions about technology: Pieterse (2001) and Pretorius (2001) refer to the technology triangle
and describe technology as the integration of people, knowledge, tools, and systems with the objective to improve
people’s lives. Khalil (2000) defines technology as hardware, software, brain-ware and know-how. He describes
technology as all the knowledge, products, processes, methods and systems employed in the creation of products or
in the provision of services. Vernet and Arasti (1999) divide technology into four components: 1) technoware i.e.
machines, tools, and equipments, 2) humanware i.e. human skills and experiences, 3) infoware i.e. information,
standards, and procedures, and 4) orgaware i.e. business infrastructure and managerial systems.

In this study, technology is defined as all the main knowledge, products, processes, and methods employed in the
creation of products or in the provision of services which is classified in (Table 3).

<Insert Table 3 Here>

General strategies in IP] are as follows:
(1) Dynamic planning to become producers of knowledge and technology,
(2) Intellectual property management,
(3) Human resources development,

(4) To develop organizational mechanisms and approaches to create the optimal value for stakeholders with the
goal of financial independence and income increase,

(5) Commercialization,
(6) To develop participatory model of leadership,
(7) To develop supporting units for research and technology,
(8) Knowledge management to become the knowledge reference of industry,
(9) To develop the synergy between research and education,
(10) To develop strategic management.

Step2 - input analysis: in this step, indicators of ability, attractiveness, and patents are determined for studying the
level of industry's ability to develop and use such technologies, attractiveness of technologies in industry, and
industry's patenting. The final indicators were identified through reviewing literature and collecting data by utilizing
a systemized questionnaire. Then, the significance of indicators in technologies is identified through experts’
viewpoints. The scores of the status of the ability indicators and attractiveness in the industry are shown in (Figure 7
and Figure 8).

The final indicators of IPI ability in each field are as follows:
(1) Access to the knowledge with commercial capability in the field of the technology

(2) Comparative position of the patents declaration in the field of technology in IPI against the entire
patents’declaration in the field of technology in the international patent databases

(3) Capability of penetration in global market in the technology
(4) Government’s support in policymaking
The final indicators of IPI attractiveness in each field are as follows:
(1) Impact of technology on improving customer and society welfare
(2) Impact of technology on expanding local, regional, and international markets
(3) Technology compliance with the allocated budget in research, technology and production
(4) The growth rate of patents in the field of technology in IPI (in the international patent databases)
(5) Technological priorities.

Step 3- Determining the position of technology in petrochemical industry: The condition of technologies in defined
matrixes are indicated based on experts’ scores for indicators. The obtained conditions of technologies in the
research and investment matrixes are shown in (Figure 9 and Figure 10).

Step4 — Determining the validity of the defined strategies: To examine the validity of the determined strategies, a
questionnaire including the proposed strategies for each technology were completed by the experts. It proves that all
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of the TSs have (mean>3) and (std<2).

In the present research, TSs are derived through a technology planning approach, in which the use of a decision
matrix is often emphasized. Due to the importance of research, investment, and protection of the achievements
related to technology, three kinds of decision matrices are considered. A consensus strategy that delivers results for
each technology of the three matrices will be the TS of that technology.

In the proposed model, indicators of the ability and the attractiveness as well as patent are used as components of the
TS. In the existing TS models, the ability and attractiveness are commonly used for TS. In few studies, patent
indicators have been used in TS planning. Until now, in researches on TS, the ability, attractiveness and patent
indicators all together have not been used to develop a TS.

In the existing TS models, only one decision matrix is used to recommend TS for each technology. This decision
matrix proposes TS related only to research, investment, or technology procurement. In the present study, three
decision matrices are used simultaneously; and the aggregation of research strategies, investment and technology
protection for each technology is recommended. There was not any decision matrix concerning protection strategies
in TS literature, however in this research, technology protection strategies based on literature are presented to show
how to protect technologies.

In TS models, usually mechanism of strategies validation is not presented. In a model such as national nano —
technology strategies in Iran for strategies validation, national nano — technology strategies of other countries are
used. This method is not right, because TSs in each country are proposed based on country's own specific conditions.
In this research, viewpoints of experts in the field of TS are used for TSs validation.

The proposed model also includes the advantages of TS itself. These advantages are as follows:
(1) To determine the list of petrochemical technologies and their classification,
(2) To prioritize technologies and clarify critical technologies,
(3) To propose TS for each technology,
(4) To define indicators of ability and attractiveness specified for IPI,
(5) To determine the status of ability, attractiveness, and patent indicators in IPI.

The model of IPI TS planning presented in the present study is a new method in this field. This method is the most
appropriate one because it:

(1) follows the general direction of the country's twenty-year vision,

(2) decreases dependence on natural resources,

(3) reduces the threats of international sanctions on technology,

(4) investigates technological deficiency and identifies areas of technology,

(5) changes business environment and the necessity of reviewing goals and strategies,

(6) and it supports privatization and growing competition between companies in petrochemical industry.
IPI TS planning considered in the present study is also a new method in resolving the following difficulties:

(1) Not profit-based strategies of petrochemical industry,

(2) Lack of technological strategies in petrochemical industry,

(3) Static viewpoint on the issue of technology and lack of knowledge in new technologies in the world,

(4) Unfamiliarity of petrochemical industry with various technologies available in the world,

(5) So many repeated researches that consequently lead to outdated technologies,

(6) Unrealistic outlook of managers to researches,

(7) Lack of attention to infrastructure of technology sales and marketing,

(8) Many research projects offered according to informal relations,

(9) Lack of knowledge in localizing imported technology,

(10) TSs based upon improperly selected features.
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3.1 Sampling Method

The survey data has been collected from researchers of the subsidiary companies. these scholars do research in
specific fields of petrochemical industry more than five years, have knowledge in these fields, and have higher
educational degree in master and PhD. Forty experts participated in data collection.

3.2 Data Collection Tools

The research obtains the data using three structured questionnaires and structured interviews. In the first step of the
proposed model, the list of different areas of technology is prepared through the structured interview. The three
questionnaires are utilised to achieve the following objects in the second and fourth steps:

(1) “To determine ability, attractiveness, and patent indicators in the technology fields of IPI” (used in the
second step),

(2) “To identify the status of the ability, attractiveness, and patent indicators in each technology of IPI” (used in
the second step),

(3) “To determine the validity of the TSs in IPI and orientation of the strategies” (used in the fourth step).
4. Conclusion

Research is emphasized in all technology areas considering the results of the questionnaire of "to determine the
validity of the TSs in IPI and orientation of the strategies", prove that TSs in IPI are considered as research oriented
with an average total of 2.94 and standard deviation less than one (that are appropriate amounts).

<Insert Figure 9 Here>

There are only 16 technologies that need investment in new plans. Therefore, investment is needed to maintain and
develop existing programs for other technologies. In other words, investment in new programs is recommended for
only 29 percent of technologies; however, other technologies need investment to maintain and develop their existing
programs. The results of the questionnaire of “to determine the validity of the TSs in IPI and orientation of the
strategies ", prove that TSs in IPI are considered as investment oriented with an average total of 3.31 and standard
deviation less than one (that are appropriate amounts).

<Insert Figure 10 Here>

To recognize whether TSs in IPI are knowledge oriented or not, knowledge driven strategies decision matrix is used.
This matrix is according to the patent status of petrochemical industry in international patent databases. As there are
different terms and patterns in patent registration and patent report, the patent status shows the knowledge status of
researchers. Therefore, if the invention can not be even commercialized, at least it improves the knowledge of the
researchers and the ones who read the reports.

Knowledge driven strategy decision matrix is only used for the technologies for which research and investment are
recommended. For only 16 technologies of the 54 technologies, patent information is provided as inputs into the
knowledge driven decision matrix. In other words, knowledge based strategy is emphasized for only 29 percent of
technologies. Among these 16 technologies, only 9 technologies are considered as the new technology categories:
nano-technology, bio-technology, and membrane. It means that high knowledge based strategy is recommended for
just 16 percent of technologies. The results of the questionnaire "to determine the validity of the TSs in IPI and
orientation of the strategies ", prove that TSs in IPI are not high knowledge oriented and have the average total of
1.79 and standard deviation less than one.

The scores of the ability indicators for nanoparticles and nanocomposites, direct esterification of (PTA) with (EG)
and polycondensation, and process of sulphur show that they all are the technologies in IPI with the ability higher
than five.

<Insert Figure 7 Here>

The results also show that the attractiveness of technologies in IPI including nanoparticles and nanocomposites,
direct oxidation, low pressure, liquid phase, steam cracking, PDH, nanocoatings, nanocatalyst, bioremediatiams,
biological wastewater treatments, gas separation, liquid separation, membrane synthesis (gas separation), membrane
synthesis (liquid separation) are more than five.

<Insert Figure 8 Here>

The research results suggest that position protection, technology agreement, and investment are appropriate just for
nanoparticles and nanocomposites are the only critical technologies in IPI. Industry should harmonize domestic
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technological changes with global advances and basic researches which aim at initiating major breakthrough and
creating technology. It should make investment for promoting growth. An industry should procure licenses from the
technology leaders, whenever it needs more advanced technologies.

Dominant strategies in IPI are prioritized as: scanning and no-investment, technology agreement, and selective
investment.

Development, technology agreement, and selective investment are proposed for direct oxidation, low pressure, liquid
phase, steam cracking, PDH, nanocoatings, nanocatalyst, bioremediatiams, biological wastewater treatments, gas
separation, liquid separation, membrane synthesis (gas separation), membrane synthesis (liquid separation). Industry
should conduct applied research for promoting these technologies. Additionally, industry should invest for
technologies with low risk and high profitability as well as retaining current projects. As the cost of technology
development is high, instead industry should procure licenses from the technology leaders.

Replacement, Technology agreement, Selective investment are proposed for direct esterification of (PTA) with (EG)
and polycondensation, and process of sulphur. Industry should conduct applied research in order to localize and
promote more attractive technologies and market entry of these technologies. Additionally, industry should invest for
technologies with low risk and high profitability as well as retaining current projects. As the cost of technology
development is high, instead industry should procure licenses from the technology leaders.

Based on these findings, the authors believe that inappropriate mechanism for determining TSs make IPI not act so
effectively in allocating its resources to technological projects. For example according to findings, IPI should focus
on scanning or not investing. Notably, researches on IPI show that many resources are wasted on some technologies,
therefore, industry should stop investing on them.

Determining TSs help decision makers to understand the shortcomings better and solve the problems more efficiently.
For example according to findings, IPI should focus on technology transferring. This helps IPI to acquire technical
knowledge, improve some other set of quality standards, ensure the products’ quality, and transfer knowledge and
experience of foreign design engineers and researchers to Iranian ones. Policy makers should focus on improving
relationships with other governments and find ways to access leaders’ technology licences.

IPI should increase its funds on new technologies categorized into nanotechnology, biotechnology, and membrane.
In addition, paying low attention to any of these technologies will make development of economy, society, and
environments difficult.

IPI should revise petrochemical industries strategic development plan and choose strategic and attractive
technologies. They can try to support the research and development through the findings of this research.
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Table 1. Comparison between TS techniques

Method Input Process Output Reference
Critical technologies  Feasibility, Feasibility — List of critical (UNIDO, 2005)
attractiveness, and list attractiveness matrix technologies

Technology
planning  approach
(decision matrix)

Technological
SWOT analysis
National
nanotechnology
strategy in Iran

Technology
sourcing decision

Booz-Allen &
Hamilton
methodology

Chiesa’s model

Burgelman et al’s

model

A. D. Little’s model

Porter’s model

Hax
model

& Majluf’s

McKinsey’s Model

of areas of technologies
important technologies,
ability, and
attractiveness

S,W,0,T

Country’s technological
vision and goals, list of
areas of technologies,
STEEP, attractiveness,
and capability

Cost of technology
development, strategic
impact of technology

list of areas of
technologies,
technology importance,
position of technology,
business attractiveness,
and position of business
List of technologies and
their applications

Forces that shape TS

list of the technologies,
competitive impact of
the technologies, and
the firms’ technological
strength

list of the technologies,
evaluation of the firm’s
capabilities and the
required  investments
for technology
development

firm and/or business
strategy, technology
assessment, and
internal scrutiny
prospects for increased
productivity and
prospects for increased
yield

Ability — attractiveness
matrix

SWOT Matrix
SWOT matrix,

Capability -
attractiveness matrix

Matrix presented by
AD Little based on the

strategic impact of
technology and the
anticipated cost of
technology
development.

2 matrixes: technology
and business

Technology -
application matrix
Model of forces that
shape TS

Matrix of Competitive
impact of the
technologies -  the
firms>  technological
Strength

Five forces model and
value chain model

The model of TS

formulation

Matrix of prospects for
increased productivity
and prospects for
increased yield

Four types of TS in

each important
technology

TSs

TSs

Three  technology

sourcing decisions

Investment
prioritization

five TSs, three main
decisions (selection,
acquisition, and
timing)

three main decisions
(selection,
acquisition
timing)
TSs

and

two main decisions
(selection and
timing)

three main decisions
(selection,
acquisition
timing)

Three main strategy

and

(Tassel, 1983; Morin,
1985; Vernet et al, 1999
cited by Ghazinoory et al,
2009)

(Cardullo, 1996)

(Ghazinoory et al, 2009)

(Floyd, 1998)

(Pappas, 1984)

(Chiesa, 1996; 2001)

(Burgelman, 2001)

(Arasti et al, 2009)

(Porter, 1985)

(Hax and Majluf, 1996)

(Arasti et al, 2009)
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Table 2. Technological ability and attractiveness indicators

indicators for technological ability in different areas of technology

Sources

Access to the required expert human resources in technology (run
fundamental and practical research and develop technology)

Access to required experience, knowledge and information in the
technology

Level of education in related fields

Access to required resources in the technology (R&D, operation
and development)

Potential to advance in the fundamental knowledge and technology
through relationship with scientific communities

No. of declared patents of technology in petrochemical industry
The capacity of financing from various resources

Commercializing research results in
international market

Supporting by policy making and intellectual property rights
legislation

Competitiveness between upstream and downstream industries
Upstream and downstream industries requests of research results
Potential growth of small and medium sized businesses in industry
indicators for technological attractiveness in different areas of
technology

Ease of access to the required resources in the technology (R&D,
operation, development)

Span of applications achieved by researches in technology
probability of a synergic effect of research in the field of
technology with other research areas

technology field in

The time required to acquire technology and proficiency gain in
using it

The comparative position of the new technology vis — a — vis the
competitive technologies

Position of technology in its own life-cycle

Technology ability to make competitive advantage in production
and export

The technology effect on quality improvement and customer
satisfaction

Technology influence on job creation

GDP increased by technology

Export volume increased by technology

productivity improved by technology
Market volume influenced by technology
international

The effect of technology on involvement in

cooperation

Technology influence on providing the social requirements
Technology impact on material effectiveness

Technology impact on energy effectiveness

Environment — friendly effect

Technology importance for human health

Technology importance for the safety of the society
Strategic importance of technology for Iran internationally

Public perception of technological outcomes and their use by

Published by Sciedu Press 67

(Klusacek, 2001; Ghazinoory et al, 2009; Jolly, 2003;
Australia CSIRO cited by Parsian Puya Polymer Co.,
2009)

(Ghazinoory et al, 2009; Jolly, 2003; Australia CSIRO
cited by Parsian Puya Polymer Co., 2009)

(Klusacek, 2001)

(Klusacek, 2001; Ghazinoory et al, 2009; Jolly, 2003;
Australia CSIRO cited by Parsian Puya Polymer Co.,
2009)

(Klusacek, 2001; Jolly, 2003)

(Jolly, 2003)

(Klusacek, 2001; Jolly, 2003; Australia CSIRO cited by
Parsian Puya Polymer Co., 2009)

(Klusacek, 2001)

(Klusacek, 2001; Jolly, 2003)

(Klusacek, 2001)

Sources

(Ghazinoory et al, 2009; Australia CSIRO cited by

Parsian Puya Polymer Co., 2009)

(Klusacek, 2001)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Ghazinoory et al, 2009)
(Ghazinoory et al, 2009; Jolly, 2003)

(Jolly, 2003)
(Ghazinoory et al, 2009)

(Ghazinoory et al, 2009)

(Klusacek, 2001)

(Klusacek, 2001)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001; Jolly, 2003; Australia CSIRO cited by
Parsian Puya Polymer Co., 2009)

(Klusacek, 2001)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001)

(Klusacek, 2001)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001; Ghazinoory et al, 2009)

(Klusacek, 2001; Australia CSIRO cited by Parsian
Puya Polymer Co., 2009)

(Klusacek, 2001; Ghazinoory et al, 2009; Jolly, 2003;
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general public Australia CSIRO cited by Parsian Puya Polymer Co.,
2009)

Compliance with government financial budget allocations for (Ghazinoory et al, 2009)

technology development

Compliance with national technological priorities (Ghazinoory et al, 2009)
Patent growth rate in the technology (Ernst, 2003)
Table 3. List of technology areas
products and services No.  Technologies
Nanotechnology 1 Nanoparticles and nanocomposites
2 Nanocoatings
3 Nanocatalyst
4 Nanoapplications for environment
Biotechnology 5 Bioremediatiams
6 Biological wastewater treatments
7 Biodegradables
8 Biofeuls
9 Biotransformations
10 Biosensors
Membranes 11 Gas separation
12 Liquid separation
13 Required membrane synthesis (Gas separation)
14 Required membrane synthesis (Liquid separation)
Polyethylene 15 Direct esterification of (PTA) with (EG) and polycondensation
terephthalate 16 Transesterification of (DMT) with EG and polycondensation
Engineering polymers 17 Two step process
18 Phase boundry polymerization (Interfacial process)
19 Acrylonitrik butadienn styrene (ABS)
Methanol 20 Direct oxidation
21 Low pressure
22 High pressure
23 Liquid phase
Olefins and propylene 24 Steam Cracking
25 PDH
MTBE 26 Isomerisation process
27 Dehydration Process
28 MTBE synthesis process
Synthesis  gas  for 29 Steam reforming
ammonia production 30 Reforming with CO2
31 The partial oxidation
32 autothermal reforming
33 Gas heating reforming
Urea 34 Flaking
35 Prilling
36 Granulation
37 Crystalization
LAB 38 The use of kerosene and after passing through a distillation unit,
desulfurization and the paraffin extracted, converted to normal paraffin is then
converted to LAB
chemicals and 39 Reaction of ethylene chloride and ammonia

agricultural ~ materials
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(ethylene Amine) 40

TDI, MDI 41

Menu ethanol amine and ammonia

phosgenation production of (TDI) and (MDI)

42 Carbonation production of (TDI) and (MDI)

Aniline 43 Hydrogenation of Nitrobenzene
Aromatic 44 Catalytic Reforming
45 Aromatics extraction from pyrolysis gasoline
Kaprolaktam 46 production process from phenol
47 Production process from toluene
48 Production process from Cyclohexane
Triple super phosphate 49 DEN
(TSP) 50 Granulation
Sulfuric acid 51 Process of sulphur
Nitric acid 52 Weak nitric acid 60%

53 Strong nitric acid 99%

Terfetalik asid 54

Parazaylyn catalytic oxidation by air in the vicinity of the bromine catalyst

Company level

Areas of study

(Arasti and Packniat, 2011; Chiesa, 1996; 2001; Pappas, 1984;
Floyd, 1998; Porter, 1985; Hax and Majluf, 1996; Burgelman et al,
2003)

National level

(Ghazinoory et al, 2009; Arasti and Vernet, 1999; Cardullo, 1996)

Decision matrices based

Approach adopted
for TS formulation

(Ghazinoory et al, 1999; Arasti and Vernet, 1999; Cardullo, 1996;
Floyd, 1998; Pappas, 1984; Chiesa, 1996; 2001; Arasti and
Packniat, 2011)

Process based

(Arasti and Packniat, 2011; Porter, 1985; Hax and Majluf, 1996;
Burgelman et al, 2003)

General TS

Specificity of TSs

(Ghazinoory et al, 1999; Arasti and Vernet, 1999; Cardullo, 1996;
Floyd, 1998; Pappas, 1984; Chiesa, 1996; 2001; Arasti and
Packniat, 2011)

Partial TS

(Arasti and Vernet, 1999; Floyd, 1998; Pappas, 1984; Chiesa, 1996;
2001; Arasti and Packniat, 2011)

Figure 1. Different perspectives and researches of the models of TS formulation
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Figure 2. Ranking of technologies based on attractiveness and feasibility (CSIRO cited by Parsian Puya Mehr Co.,
2009)
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A
Development Position
protection
Scanning Replace

Industry’s ability for technology development

Figure 3. Ability — attractiveness matrix (research driven strategies) (Ghazinoory et al, 2009, 839)

A
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licensing technologies
Patent development
growth
Technology Technology
agreement protection
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Figure 4. TSs based on patent indicators (Knowledge driven strategies)
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Attractiveness

Figure 5. TSs related to investment (investment driven strategies)

General technological strategy

A
Selective Investment
investment
No investment Selective
investment
Ability

List of technology areas

\4

Evaluation of patent indicator:

Number of patents and patent growth {0,10}

Deleting technologies with
scanning strategy

A 4

Determining criteria for evaluation of
technological ability and attractiveness

A 4

Calculating Technological ability and
attractiveness {0, 10}

v

y

A

Selecting one of knowledge driven
strategies for each technology:
technology agreement (8), technology
protection (9), mutually licensing (10),
basic technology development (11)

Selecting one of the research driven
strategies for each technology: position
protection (4), development (3),
replacement (2), scanning (1)

Selecting one of the investment
driven strategies for each
technology: investment (7),
selective investment (6), not
investment (5)
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Figure 7. The status of industry’s ability for technology development

Figure 8. The status of the attractiveness of the technologies in IPI
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Figure 10. The status of investment driven TSs in IPI
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