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Disclaimer

The approach we are taking relies upon consulting a wide range of expertise, with the expectation that through our collective experience, imaginative abilities and interactive knowledge of technological development pathways, we can begin to construct a coherent view of some of the major developments that can be anticipated within a 10-25 year time horizon. Foresight is therefore research which can inform the reality of planning, policy and strategic choice amidst uncertainty. This is the nature of foresight - creating a range of plausible future elements that in their diversity should alert readers to the kinds of issues and perspectives they may not have initially considered in longer term research planning and contingency thinking. Accordingly, this report reflects the combined views of the participants, and the best wisdom, and creative thinking that we could stimulate with the tools of foresight, but it clearly does not represent an official view of the Government of Pakistan or any of its Departments and or Agencies.

Prologue

This research report is part of a series of several reports that have been produced for the benefit of sponsors, participants and professionals interested in how emerging and prospective developments in global science and technology might impact Pakistan's future.

The Technology Foresight Exercise (TFE) originated with a proposal made by Pakistan Council for Science and Technology (PCST) to the Ministry of Science & Technology in March 2008, offering PCST's support for a collaborative Exercise to explore the application of foresight tools. Goals of the Exercise were to help stimulate longer term thinking, and to build shared R&D awareness and capacity for engaging broad challenges for which the federal S&T ministry should be better prepared.

Public and Private sector joined together to create a limited duration (i.e. three months) partnership that held three panel meetings. The panel contributed over 60 days of professional time to developing the Project's methodology, panel and workshop events and in drafting and reviewing the Technology Foresight Exercise findings.

It is useful to recall the definition of Technology Foresight that was used to define the scope and focus for this Pilot Project:

Technology Foresight involves systematic attempts to look into the longer-term future of science and technology, and their potential impacts on society, with a view to identifying the emerging change factors, and the source areas of scientific research and technological development likely to influence change and yield the greatest economic, environmental and social benefits during the next 10-25 years.

Executive Summary
Aims and Objectives

To provide a picture of the future need and demand for electronics industry in Pakistan Based on generic technological domains and development trends

To identify uncertain and significant drivers of change with an impact on the need and demand for Electronics in Pakistan and World.

To inspire and support discussions and reflections on plausible development paths for Electronics Industry in Pakistan within a Horizon of 10 to 15 years

In the past Pakistan has been formulating excellent policies but those could not be implemented for one reason or the other. The results of those policies were not transferred to the society or those policies failed to deliver. On the contrary same plans/policies were successfully implemented by other countries. One of the main causes of Pakistan’s failure to implement the plans was lack of ownership of the policies amongst the stakeholders. The plans and policies were made in isolation without the involvement of all the stakeholders, especially end users. Technology Foresight overcomes this predicament by emphasizes on the planning process that ensures participation of all the relevant stakeholders of the society. It does not aim to eliminate the planning process but it helps to improve it.

TECHNOLOGY FORESIGHT

What is Technology Foresight?

Technology Foresight (TF) can be described as a systematic approach in which various methodologies and techniques are combined in order to create a better preparedness for the future.

Technology Foresight is neither about delivering probabilistic predictions of the future technologies (Technology Forecasting) nor is about anticipating the impacts of future technologies in today’s society (Forecasting Assessment), rather Technology Foresight is a Systematic Process to visualize Science, Technology, Industry, Economy and society in the long run, with the purpose of identifying technologies that can generate economic and social benefits. Pakistan is the 25th country which has undertaken Technology Foresight program.
The methodologies used and exercises conducted were framed by six fundamental pillars of future studies – mapping, anticipating, timing, deepening, creating (alternatives) and transforming the future.   

Foresight is by nature multi-disciplinary, requiring the expertise of disparate groups in order to combine scientific and technological expertise with an understanding of society, economy and environment. It is usually intended to have a major impact, and often includes controversial issues where there are lots of vested interests. This is especially true of priority setting for the allocation of resources, which is a common application of foresight.

Foresight’s role is:
· to help government think systematically about the future.
· to give ownership of decisions to all stakeholders for adoption of policies and their implementation.
· to promote culture of future oriented thinking.
· to promote networks between ministries, departments, institutions and companies. 

Project Objectives

Based on a decision taken by the Pakistan Council for Science and Technology, a sectoral and nationwide Technology Foresight exercise was proposed. This approach aims at enabling the Government’s intention of uplifting key sectors through improved operation of limited national resources. It results in selecting public policies needed to align scare resources for supporting assimilation of technology by the industry. Additionally, Technology Foresight fosters increased rate of national innovation.  This is achieved through the rigorous application of those Technology Foresight strategies, techniques, and methodologies that have proven successful in other countries, and are also conducive to our country’s milieu.  
Specific Objectives
According to the United Nations Industrial Development Organization (UNIDO), Technology Foresight is the systematic process of visualizing science, technology, society, and economy in the long-term, with the purpose of building consensus to identify technologies, which will cause the greatest social and economic benefits.  

Technology Foresight in Pakistan has been implemented to provide valuable inputs to strategy and policy planning as well as to mobilize collective strategic actions. It aims at doing so by:

(a) identifying potential opportunities for the economy or society from new science and technologies, and 

(b) considering how future science and technologies could address key future challenges for the Pakistani society.  

Pakistan’s Foresight program involves constructively bringing awareness of long-term challenges and opportunities into more immediate decision-making. It looks beyond normal planning timescales to identify potential opportunities from new science and technologies. It, then take actions to help realize these opportunities. It brings together scientists, technologists, businesses and consumers, with those who can help deliver benefits. This leads to a systematic process for discussions on the future. 

The consultations facilitate identification of policies and projects. The starting point for a policy or a project recommendation is a key issue where science holds the promise of solutions (e.g. information and communication technologies, in which Pakistan has already invested considerably). In addition, it may be an area of cutting edge science where the potential applications and technologies have yet to be considered and/or articulated more broadly (e.g. biotechnology, nano-technology). Foresight policies and projects will:

· Encourage the creation of new networks between science, business and society

· Have the support of at least one of the interested communities (Government, research funders, business, etc)  

· Add value to existing activities and initiatives – with the scope to deliver outputs that would not otherwise be achieved.    

Methodology Adopted

Technology Foresight experts all over the world use different methods and tools to conduct this activity. These methods and tools are adopted according to the availability of resources. Since this project at PCST was launched at a time when severe economic crunch was being faced by the government, therefore budget and manpower was not provided according to the envisaged plan as per PC-I.

Keeping in view the limited resources at hand, expert panel method was used by the project team. However in order to find out the priority areas on which the foresight study needed, a mini Delphi Survey was carried out. As a result of this nationwide survey, ten sectors were identified, namely, Energy, Electronics, Agriculture, Industry, Education, Environment, ICT, Health, Nanotechnology, Biotechnology and Water.

Expert panels were formed on each of the above sectors, comprising of all the stakeholders. These panels held their meetings in which brainstorming sessions using STEEPV and Scenario Planning methods were invariably used. During panel meetings presentations by other experts were also arranged. Subgroups to handle specific tasks were also formed. 

As a result of the meetings, recommendations pertaining to policy, projects, along with roadmaps were produced.  
Terms of Reference 
The Terms of Reference of the Expert Committee were:

1. The Expert Panel shall comprise of at least 10-12 members pertaining to public and private sector, R&D organizations, academia, and civil society. The panel will meet 3-4 times in three months to finalize the technology foresight in Electronics and prepare a comprehensive report, indicating the current status viz-a-viz strengths, weaknesses, opportunities, and threats (SWOT) of the sector. 
2. Dr. Imran Zaka, Principal Engineer, PINSTECH will act as the Team Leader. The team leader is expected to prepare a report (by the end of May, 2014). In this regard he will get inputs from other team members. 
3. The panel will work as a Think Tank, in the field of Electronics, for the Government of Pakistan using Technology Foresight process, keeping in view a time horizon of 10-15 years. 
4. The panel shall identify and prioritize R&D areas and future technologies that will be required for different disciplines of Electronics by 2025.

List of Expert Panel Members
During the tenure of 3 months a number of experts from public sector, private sector, academia and industry participated in the panel meetings. The name of the panel members are;
	No. 
	Name
	Designation

	1.
	Dr. Imran Zaka
	Chair Electronics Panel,

Principal Engineer, EMD, PINSTECH, Islamabad

	2.
	Dr. Saif ul Islam Qureshi 
	Director General, National Institute of Electronics, H-9, Islamabad

	3.
	Dr. Arshad Ali,

 
	Principal, School of Electrical Engineering and Computer Science,NUST, H-12, Islamabad 

	4.
	Mr. Abdul Haleem Asghar
	Joint Electronic Adviser, Ministry of Science and Technology, Islamabad

	5.
	Dr. Junaid Mughal
	Professor, Department of Electrical Engineering, Comsats Institute of Information Technology, Islamabad

	6.
	Air Cdr. Masood Ilyas
	Director Electronics, AERO, Hasanabdal

	7.
	Dr. Muhammad Iqbal
	Chief Manager, NESCOM, Islamabad

	8.
	Dr. Hassan Raza
	Professor, Electrical Engineering Department, University of Punjab, Lahore

	9.
	Dr. Hassan N. Jamy
	CEO, Engineering Systems Pakistan, Islamabad

	10.
	Dr. Attaullah Khawaja
	Chairman, Department of Electronic Engineering, NED University of Engineering and Technology, Karachi

	11.
	Dr. Azhar Abbas Rizvi
	Director, Institute of Information Technology, Quaid-i-Azam University, Islamabad

	12.
	Dr. Imtiaz Ahmad Taj
	Head Electronic Engineering Department, Muhammad Ali Jinnah University, Islamabad

	13.
	Dr. Muhammad Amir
	Chairman Department of Electronic Engineering, International Islamic University, Islamabad

	14.
	Engr. Syed Aurangzaib
	Chairperson Electronic Engineering, Balochistan University of Information Technology, Engineering and Management Sciences

	15.
	Dr. Arshad Janjua
	Deputy Chief Scientist, National Institute of Lasers and Optronics, Nilore, Islamabad

	16.
	Mr. Farooq Ahmed
	Deputy Chief Scientist, National Institute of Lasers and Optronics, Nilore, Islamabad

	17.
	Dr. Aslam Zahid
	National Institute of Lasers and Optronics, Nilore, Islamabad

	18.
	Dr. Mushtaq
	Director, National Institute of Lasers and Optronics, Nilore, Islamabad

	19.
	Mr. Kashif Farhan
	Comcept, Islamabad

	20.
	Dr. Ahmad Shuja Syed
	Executive Director, Centre for Emerging Sciences, Engineering and Technology (CESET), Islamabad


Meetings/Working of the Expert Panel Committee
During its tenure the committee had three meetings at PCST, Islamabad. The details of the meetings are as;
· First Expert Panel Meeting held at PCST, Islamabad on 27th February, 2014
· Second Expert Panel Meeting held at PCST, Islamabad on 08th April, 2014
· Third Expert Panel Meeting held at PCST, Islamabad on 13th May, 2014
[image: image1.png]



[image: image2.png]O Hassan N Jamy

Dr. Muhammad
Amir





[image: image3.jpg]



Importance of Electronics for Sustainable Development of Pakistan
An Overview Electronics and its role in Economy 

 Electronics is defined as “The science of how electrons behave in vacuums, gas, semi-conductors, etc.” Today electronics is found in every aspect of modern human life. Almost all the Developed countries have their economies depending heavily on Electronics Industry[1].  A strong Electronics Industry will lead to development of other industries and increase in productivity.  
Electronics Industry of Pakistan

The Electronics industry existing in Pakistan can be broadly grouped in the following categories:

1. Defense Electronics

2. Industrial Electronics and Automation

3. Communication Electronics

4. Electronics/ Technical Services

5. Consumer Electronics

Electronics industry in Pakistan has a very minor share in the overall industrial output. Ministry of Finance report of 2013 [2] reported that Large Scale Manufacturing (LSM) sector accounts for 10.6 percent of GDP. Although during Financial year 2012-13 LSM witnessed a positive growth but a negative growth of 6.43 percent was observed in Electronics sub-sector. The whole manufacturing sector employs 13.8 percent of the labor force. It is therefore evident that development of the country can not take place without progress being made in the Electronics sector.  If this sector is activated/developed it can contribute to growth in economy and provide jobs to more population. 
 The four sectors having the largest share in world trade are machinery, electronics, pharmaceuticals, automobiles, and agricultural products according to World Trade Organization. All these sectors are some how related to electronics or electronics can enhance their quality and productivity. The electronics industry, one of the world’s most important goods-producing sectors [3]. Electronic parts and components are the most traded types of inputs within Asian supply chains. They are also amongst the most complex products.
[image: image4.emf]
“FORESIGHT NEEDS INSIGHT”
Pakistan Electronics Manufacturers Association (PEMA) states that the growth of industry is hampered due to smuggling and import duty structure [4].  

Non availability of raw materials for Electronics Industry does not allow it to flourish. The raw materials should be subsidized. Creating demand of trained manpower and local electronic equipment will get positive response from the people. 
The PhDs returning to country may be facilitated to establish their own companies design houses by providing initial financial support by government. These highly educated individuals if return to country only find safe future in educational institutions.

The issues of brain drain need to taken care of. The most intelligent students avail scholarships and settle abroad leaving the country without any agent of change and development. Career opportunities and incentives should be available for the highly educated on their return to country.
Technologies foreseen important for Pakistan in coming decades
Health Care

Ever increasing aging world population necessitates the development of Biomedical Electronics. This development is currently based on research at nano scale e.g areas likes                                   bionanotechnology and nanobiotechnology. The personal gadgets will be doing smart monitoring, early detection of symptoms, functional aids, automatic timed dispensation, etc.
The institutional level equipments of future will be External and internal Imaging and automated detection and screening. 

Food Security

Food has been successfully grown in controlled environment that reduces use of pesticides and chemical fertilizers. Controlled environment requires electronic systems to maintain balance of everything plants require. Electronic systems will be also be deployed for monitoring of crops growth, disease, water and fertilizer requirements. This technology will be key to survival and food security.
Energy and Environment

Energy and Environment are highly intertwined. A large consumption of Energy produced by unsustainable means has significant impact on environment. In energy field, both the energy generation and conservation will require new technologies. Focus on these technologies will be beneficial for the development.
Electronic Technologies

Electronics at nanoscale is a major development. Plastic electronics and smart sensors are also promising technologies of future. 
Production

The industrial and agricultural production will be arranged so as to reduce the carbon foot print. This in turn demands closer to home production thus reducing transportation overhead, time and overall cost. 

Electronics Design Houses should be established so that even without a semiconductor fabrication facility the intellectual talent can be harnessed for development of country. 
The production of electronics can be started by establishing value addition production chains in the country. Another starter can be to recycle and re-manufacture electronics locally thus saving huge import bills.

Automotive 

Automotive Electronics is also expected to be a major avenue in future. In about 20 years substantial chunk of cost of a vehicle is expected to be that of Electronic Components and Systems. Investing in this technology will bear results in 20-25 years.  
Terra Hertz Electronics
Development of Terahertz Electronics is an area of research which is going to be of immense interest in future. Investment in this area may pay off in 10-20 years time. 
Quantum Computing

Quantum communication and computation is not only efficient for certain problems but also leads to more secure systems in foreseeable far future.
Electronic Materials
Next generation electronics materials like Graphene has emerged which can be used for development of novel devices and applications. Printed plastic electronics in future will require new materials to be developed for manufacture of electronics equipment.
Electronics in Agriculture, Energy Efficiency, Health, Security, Education
Geographic information systems, or GIS, have a key role in agriculture, mainly in precision farming. Digital mapping of the land is done, and pertinent geodetic data such as topography and contours are combined with other statistical data for easier analysis of the soil. GIS is used in decision making such as what to plant and where to plant using historical data and sampling.
Automatic milking systems are computer controlled stand alone systems that milk the dairy cattle without human labor. The complete automation of the milking process is controlled by an agricultural robot, complex herd management software, and specialized computers. Automatic milking eliminates the farmer from the actual milking process, allowing for more time for supervision of the farm and the herd.

Power electronics uses power semiconductor devices to perform switching action in order to achieve a desired conversion strategy. PE plays crucial role of conversion and control electrical power. Therefore, PE based power converters are also widely used in renewable energy systems. 

Similarly electronics has a key role in security. The use of biometrics based encryption in electronic transmission can ensure most safe transmission of data, especially in commercial tractions. 

Strategic Plan:

Reforms in Education 
The education system should be according to national goals. The knowledge based economy is driven by Higher Education and innovations. However the basic education in schools and colleges need to be reformed and electronics should include in curriculum to excite students early in their academic careers about this important field.
Since Electronics is multi and inter disciplinary subject, it is imperative to preserve academic freedom and mutual respect in this vibrant community of engineers, Physicists, Chemists and even Biologists.

The curriculum of undergraduate and graduate level Electronics courses needs a major revision. The curriculum should inculcate concept and project based learning instead of rote based degree awarding practices. Special emphasis should be on the Mathematics and Basic Sciences. Engineering and scientific tools change every five to ten years. If engineers and scientists are prepared with solid educational foundations, they will be able to cope with the changing trends successfully.  
Vocational institutes need to develop higher skills for adaptability, Product service, reuse and re-life of equipment.
Hardware Technology Parks

The hardware technology parks should be established all across the country.
Promotion of Science and Technology

State institutes should invest with a vision of least 20 years. What will be sowed today, will be harvested at least 20 years later. Technical experts should be involved in policy making as practiced in developed countries. 
Fundamental research on basics and applied nature should be promoted and supported keeping emphasis on quality. This will pay dividends in the long run.  

Strengthening of Institutions

Strengthening of public institutes is need of the hour. These are vital for the innovation and drive as most of the talented students go to public institutes. These students can become agents of change and development of this neglected sector. 
Reasons for failure 
The reasons should be investigated at government level why the recommendations made by various committees and commissions do not get implemented year after years. Many institutions were established to lead progress in the electronics sector but they were closed after years of neglect.  
Linkages between Academia and Industry
Offices of Research, Innovation and Commercialization (ORIC) have been established in universities on the directives of HEC.

The sole criterion for selection and promotions in universities is number of Publications; however incentives should be provided to faculty members involved in providing solutions to industrial problems.

Establishment of Standards Conformity Compliance Laboratories/ 
The electronics equipment being manufactured should be able to get accreditation by conforming international standards. It will boost exports and local consumption by ensuring the quality. Electromagnetic Compatibility (EMC) testing facilities will also be required. 

GPS Technology
Applications of GPS technology are proving their usefulness in every aspect of modern life whether it is a Cell Phone, rescue service, aviation, transportation, agriculture or surveying. Pakistan is lagging behind the world in tapping this technology for the benefit of masses and boosting the economy.   
Defense projects

Defense projects should be invited/assigned to universities, teams of scientists and engineers in the country on the model of Information and Communication Technologies Research and Development Fund (ICT R&D) in Pakistan and Defense Advanced Research Projects Agency (DARPA) of United States. 
Pakistan is facing security threats from a number of traditional and non-traditional quarters. To meet these challenges Pakistan’s defense industry and supporting infrastructure has evolved in accordance with the country’s changing threat perceptions and security needs. Self-sufficiency has been achieved in many critical areas but new technological frontiers will have to be crossed in other areas of nation’s development. If Pakistan aspires to maintain its sovereign status, it cannot afford to neglect its military security.
Defense electronics is a strategic industry—more than simple commerce. Issues of obsolescence, technology denial and restricted trade are the major concerns here. Moreover, defense electronics is monopoly—government is the market and the market maker. In reality, this market is entirely governed by defense policy. In spite of being a continuous victim of terrorism, Pakistan’s defense policy has remained apparently defensive in orientation for local development. 

This is particularly true of the electronics industry which continues to grow in importance, with electronic components built into nearly every weapons system and piece of equipment. The new demands of the customer require much more than mere technical capability. It seems certain that defense electronics will continue to grow in importance in the future, enabling far-reaching advances in military capability and efficiency. Electronics provide capabilities that are critical to defense requirements and the effectiveness and lethality of weapons systems are increasingly dependent upon the electronics subsystems they employ. 

The defense electronics sector of the industry is usually defined to include two main areas: 

· Military-specific electronic items (such as avionics and precision guidance systems)

· Commercial devices modified to meet military requirements (such as “ruggedized “laptops)

However, the defense sector also makes extensive use of electronics throughout all its activities, from combat to logistics to base operations. Two problems arise immediately when attempting to define the extent of the defense electronics sector: 

There is no official Standard Industrial Classification definition of the Pakistan electronics industry 

The defense component of the Pakistan electronics industry is not officially identified

Today, the variety of end-use applications for semiconductors is greater than ever. Semiconductors are essential components used in a myriad of end items ranging incomplexity from billion dollar satellites to the simple timer Water Filtration Pitcher. Industry analysts generally group semiconductor end-uses into five markets:

· Computing

· Telecommunications

· Consumer electronics

· Automotive electronics

· Military electronics

[image: image5.emf]
As shown in the diagram, computing and telecommunications are the primary uses for commercial semiconductors. The military – with three-tenths of one percent of the end-use market – is a minor player.
Incentives for Foreign Investors
The government should lure foreign investors to establish electronics manufacturing industry while making sure the technology transfer/deletion policy is implemented. It will generate employment and train the manpower.  The deletion policy has been successful in Automotive Industry. Part of revenue generated from import duty should be utilized for infrastructure development. 
About The Expert Panel on Electronics

The expert panel as mentioned in previous section consists of Professionals from Reputed Organizations and Professors of Prestigious Universities. There were only two members from the industry. It has been felt that too few representatives from industry have been included in panel and more representatives could have been better for their inputs based on their experience in field.  The panel should have a member or more from the previous panels on the Electronics for the sake of continuity. The panel lacked any representative from the fund providers and from Pakistan Electronics Manufacturers Association/Chamber of commerce and industries.
Achievements and Way Forward
The expert panel members of Electronics sector under the Technology Foresight project during the meetings recommended strongly moving in a structured format and establishing Hardware Tehnology Parks throughout the country.  Furthermore, the experts stressed that a mechanism and a system needs to be in place whereby the outcomes of the Technology Foresight project in Pakistan can be implemented and a track of the latest technological developments is kept. It is a fact that the Academia and R & D centers in the public sector can play a very crucial part in making these Innovation Centers a success story as they have the rich student resource that are up to date with the advancements and developments being made in the field of Science & Technology and Electronics in particular. 

In general, the outcomes derived from the process of Technology Foresight were as useful as the specific technical results and policy recommendations in Electronics sector. Many future technologies were identified through panel discussions of future socio-economic significance and need to be started immediately to gain maximum long term benefits.


The panel recommends making Technology Foresight a permanent activity as Technology Foresight Exercise is by no means a one-time activity. All experts emphasize its execution on regular basis. Most of the countries that started the Technology Foresight Exercise as a once–off activity have made this exercise a permanent task for setting their long term S & T policies and the exercise is conducted on regular intervals to take account of feedbacks and new developments. Special emphasis is laid on implementing the outcomes of the Foresight Exercise. The commissions and committees conducting this exercise around the world have been made permanent organizations. Keeping this in view, the continuation of the Foresight Project in Pakistan is thought to be imperative.
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