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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. six months) partnership that held five visits to different locations and four panel meetings.  The partners and their colleague networks of scientists and industry-academic collaborators contributed over 120 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.

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, Agriculture, Industry, Education, Environment, ICT, Health, Materials, Transportation and Management.

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:

a) The panel will work as a Think Tank, in a particular field, for the Government of Pakistan using Technology Foresight process.

b) The panel shall review the issues related to development in the respective fields, suggest short, medium and long term strategies, to be undertaken by the government of Pakistan, for strengthening S&T activities required towards industrial and economic progress in Pakistan.

c) The panel shall identify and prioritize R&D projects of high national importance by considering short, medium and long term development that need to be supported by the Government of Pakistan.

d) The panel will work for duration of six months, at the end of which a comprehensive report, indicating the current status vis-à-vis strengths, weaknesses, opportunities, and threats of the sector under study.

e) Recommendation of implementable policies and projects will be the final tangible outcome of the exercise, in addition to more desired intangible outcome i.e. process benefits. 

Chapter 1: 
Introduction
1.1   Background

Energy development, interpreted broadly to mean increased provision and use of energy services, is an integral part of enhanced economic development. Advanced industrialized societies use more energy per unit of economic output and far more energy per capita than poorer societies, especially those still in a preindustrial state. Energy use per unit of output does seem to decline over time in the more advanced stages of industrialization, reflecting the adoption of increasingly more efficient technologies for energy production and utilization as well as changes in the composition of economic activity). And energy intensity in today's developing countries probably peaks sooner and at a lower level along the development path than was the case during the industrialization of the developed world. But even with trends toward greater energy efficiency and other dampening factors, total energy use and energy use per capita continue to grow in the advanced industrialized countries, and even more rapid growth can be expected in the developing countries as their incomes advance. The fact that expanded provision and use of energy services is strongly associated with economic development leaves open how important energy is as a causal factor in economic development. Development involves a number of other steps besides those associated with energy, notably including the evolution of education and labor markets, financial institutions to support capital investment, modernization of agriculture, and provision of infrastructure for water, sanitation, and communications. This is not just an academic question; energy development competes with other development opportunities in the allocation of scarce capital and in the allocation of scarce opportunities for policy and institutional reform.

Energy is the key determinant of economic development and prosperity of society. It also provides an impetus for keeping sustainability in economic growth. Pakistan, which falls in the middle income group, has been facing an unprecedented energy crisis for past few years as the demand and supply gap widens (figure-1).  

Electricity Demand and Supply from 2003-10
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D) Hydro capacity of 18000 MW that must be inducted by 2022.

Basha Dam 4500
Neelam Jhelum 969
Kurram Tangi 83
Munda 740
Kohala 1100
Dasu 4000
Bunji 5400
Akhori 600
Total 17,392

Indigenous resource therefore all projects need to be prioritized.




Source: Private Power Infrastructure Board: http://www.ppib.gov.pk
Its current energy demand far exceeds its indigenous supplies fostering dependency on the imported oil that put substantial burdens on the economy. Recent unrests in Middle East and North Africa (MENA) and political turmoil put up an upward pressure on the international oil prices with implications for Pakistan’s burgeoning oil import bill, and boosting cost structure in power generation sector leading to severe domestic shortage of electricity and gas. 

The energy availability has remained main impediment to economic growth. The growth prospects of the economy in 2010-11 were constrained by the availability of energy. In order to ensure energy supply, government is pursing policies of increasing domestic energy supplies by attracting foreign investment, diversifying imports to include natural gas, coal and electricity. It encourages attainment of optimal energy mix through fuel substitution by promoting energy efficiency and renewable energy and interregional co-operation. The scenario energy consumption by source indicates that natural gas is the major source of energy in the country (figure-2).

 Fig.2 Energy Consumption by Source (2008-09)
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It noteworthy, that Pakistan has a heavy reliance upon the import of hydrocarbons. The import bill for meeting our energy requirements would increase from USD 12 billion in 2007/8 to USD 41 billion by the year 2022 based on crude oil price of USD 70 per barrel. 

The details about the energy consumption, in different sectors of economy, are provided in figure 3. It indicates that the industrial sector is a major sink for energy, followed by transport and domestic sectors. 

Fig. 3
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Source: Hydrocarbon Development Institute of Pakistan
1.2    Resources of Energy and their Consumption in Pakistan 

Conventional Energy Resources

Pakistan is amongst countries which are blessed with huge reserves of various sources of energy. These include Fossil fuel including oil, gas and huge coal sources. The details about the potential of non renewable energy resources are given below: 

Hydroelectricity     
46,000 MW identified potential                 
(Source: AEDB)     

Coal                          
185 billion tons                                          
(Pakistan Year Book 2008)

Crude Oil                  
326 million barrels proved reserves          
(Pakistan Year Book 2008)                      

Natural Gas              
26 trillion cubic feet proved reserves        
(Pakistan Year Book 2008)                     

Uranium                   
236 tons used for nuclear power generation since 1980 

Hydroelectricity

Pakistan’s installed capacity is about 19500 MW. Hydel power generation accounts for about 8000MW, whereas the remaining generation capacity of 11500 MW is dependent on thermal power plants which use natural gas, furnace oil, or coal. Pakistan is a net importer of energy and more than 30% of its imports are for oil. Oil is mostly used for power generation and transportation. The shortfall in power availability jumps up-to 5,000 MW shortfall in summer season. Moreover, only 59% of population has access to electricity of which 37% live in rural areas while remainder use kerosene and traditional fuels for lighting, cooking and heating and we have low per capita energy consumption.

Some serious environmental problems are tied up with the burning of furnace oil high in sulphur and the International Protocols come into action against causing pollution.

The electric distribution network of Pakistan serves about 14 million customers, with domestic consumption at about 20.4 percent, transportation consumption 29.3 percent, commercial consumption at 4 percent, industrial consumption at about 42.6 percent and agricultural consumption at about 2 percent(ES).

Coal

Pakistan has huge coal resources estimated at over 185 billion tones, including 175 billion tones, identified at Thar coal fields in Sindh province. Pakistan’s coal generally ranks from lignite to sub-bituminous. About 56.5 percent of total coal in the country has been consumed by the brick kilns industry whereas 42.7 percent by cement industry during the period July-March 2010-11.

The coal consumption shares of brick kilns decreased by 2.4 percent and that of cement industry increased by 3.1 percent. The percentage share of power sector declines by 1.24 percent during July-March 2010-11 compared against the same period last year

Crude Oil

The balance recoverable reserves of crude oil in the country have been estimated at 280.647 million barrels. The average crude oil production per day has increased to 65,996.50 barrels during July-March 2010-11 from 65245.69 barrels per day during the same period last year. The overall production has increased to 18.08 million barrels during July-March 2010-11 from 17.88 million barrels during the corresponding period last year showing an increase of 1.15 percent. During the period under review, 34,762 (53 percent) barrels per day were produced in northern region and 31,234 (47 percent) barrels per day in southern region, as against 27,659 (42 percent) barrels and 37,586 (58 percent) barrels produced per day in North and South region respectively compared against the same period last year. During July- March 2010-11, production of crude oil has increased by 25.68 percent from northern region whereas production decreased in southern region by 16.90 percent, as compared to same period last year. The company wise production of crude oil during July-March 2010-11 and corresponding period of the last fiscal year is given in Table. (ES)

Natural Gas

The importance of natural gas to the country has been increasing rapidly. Government is making efforts towards enhancing gas production in order to meet the increasing demand of energy in the country. The balance recoverable natural gas reserves have been estimated at 26.62 Trillion Cubic Feet. The average production of natural gas per day stood at 4050.84 million cubic feet during July-March 2010-11, as compared to 4,048.76million cubic feet over the same period last year. 

The overall production of gas has increased to 1,109,930.16 million cubic feet during July-March 2010-11 as compared to 1,109,360.24 million cubic feet in the same period last year, showing an increase of 0.05 percent. Natural gas is used in general industry to prepare consumer items, to produce cement and to generate electricity. In the form of compressed natural gas (CNG), it is used in transport sector and most importantly to manufacture fertilizer to boost the agriculture sector. Currently twenty eight (28) private and public sector companies are engaged in oil and gas exploration & production activities. Company wise total natural gas production is given in Table

Alternate Energy Resources

Pakistan can reduce the environmental and health related issues which arise from the use of fossil fuels through switching over to clean, renewable energy alternatives. Hence, it is seriously felt that there is an urgent need for quicker switch over of energy systems from conventional to renewable that are sustainable in the long term and can meet the present and projected energy demands of our country. 

The contribution of alternative energy in the overall energy mix of Pakistan is negligible at present; According to Vision 2030 Pakistan will produce 5% of its electricity generating capacity through Alternative sources. Reaching 5% by 2030 would require an active and coordinated effort on the part of all stakeholders.

According to the estimates, Pakistan has huge potentials of energy through different renewable energy resources. The details facts and figures in this regard are provided below:

Wind Energy        
 346,000 MW 

Solar Energy          
2.9 Million MV 

Bio Gas


2.000 Million MW
Small Hydel 
  
2.000 Million MW  

* Source IEP 2009 and AEDB           

To meet the growing demand of energy and to achieve the target of 9700 MW generation by the year 2030, the AEDB has taken various initiatives. Under the remote village electrification program; AEDB is to electrify 7874 remote off-grid villages in the Sindh and Baluchistan provinces. AEDB under its mandate serves as a One-window facility to process all Alternative and Renewable Energy (ARE) projects both in Public and the Private Sectors. It assists and facilitates development and generation of ARE, encourages transfer to technology, helps develop indigenous manufacturing base for ARE equipment; promotes provision of ARE based energy services etc. Under AEDB Act, enacted on May 2010, AEDB now has the mandate to implement projects in addition to its authorizations under the AEDB Ordinance.

(i) 
Mega Wind Power Projects

AEDB issued seven (7) letters of Intent (LOI) for wind power projects; one for 50 MW project, two (2) for 10 MW projects each, three (3) for 5 MW projects each and one (1) LOI for 2.4 MW wind power project in Gharo area. AEDB is currently facilitating twenty one (21) projects having capacity of 50 MW each, which are at different stages of development. One IPP has signed a contract with international turbine manufacturer, Nordic for the supply of equipment for their project. One company has installed 6 MW in the first phase of their 56.4 MW project. 

Feasibility studies for 50 MW wind power projects each have been completed by 7 IPPs taking the total to 17 completed feasibility studies. NEPRA has determined tariff for 2 more IPPs. The Energy Purchase Agreement (EPA) and Implementation Agreement (IA) have been negotiated by two IPPs with NTDC and AEDB respectively. One IPP has signed the IA with AEDB. In order to mitigate country risk associated with the project financing AEDB has arranged Asian Development Bank’s Political Risk Guarantee facility for the wind power project developers.

(ii) 
Biodiesel

The government has given a target for replacement of 5 percent of total annual petroleum, diesel consumption with Biodiesel by the year 2015 and 10 percent by 2025. AEDB has engaged Pakistan State Oil (PSO) for furthering the National Biodiesel Program and provided a production plant of biodiesel to PSO for the optimization of processing techniques for Biodiesel. Pakistan’s first ever commercial Biodiesel production facility with the capacity of producing 18,000 tons of Biodiesel per annum has been setup in Karachi by the private sector.

(iii) 
Bio Gas Projects New Zealand based firm has completed the pilot 

New Zealand based firm has completed the pilot phase of the biogas project at Landi Cattle Colony, Karachi where waste from 400,000 cattle in the area would be utilized to generate electricity and high grade organic fertilizer. The full scale plant is estimated to generate up to 50 MW of electricity and 1500 tons of organic fertilizer per day. A Waste to Energy Study is being carried out for Karachi to generate 10 MW power.

(iv)  
Small Hydro 

AEDB is actively working with several national and international agencies for the development ARE potential in the country, and supporting provinces in tapping the potential in their respective jurisdictions. AEDB is actively working to install 103 hydro power plants in Khyber Pakhtunkhwa (KPK) and Gilgit-Baltistan (GB), with the total cost of US$ 19.5 Million. Another project for 250 plants is under preparation for the same areas. 

Eight small/mini/micro hydro projects have been initiated under the Renewable Energy Development Sector Investment Programme (REDSIP) with the support of Asian Development Bank (ADB). AEDB is serving as the executing agency at the federal level to consolidate the project proposals from federal, provincial and other public entities for submission to ADB for subsequent loan tranches. These projects are being implemented at the following sites in KPK and Punjab with an estimated cost of US$ 139.5 Million

 (v) 
Solar

Pakistan is blessed with a huge solar potential of more than 5-6 KWH/m²/day of irradiation in many areas. The potential is feasible for both Solar PV and Solar Thermal application. The area with highest solar potential is the province of Baluchistan followed by Eastern Sindh and Southern Punjab promising technical and financially viable solar energy projects. These projects can be On-Grid or Off-Grid. Some areas in Eastern Sindh and Southern Punjab also have potential for such interventions. As a first phase, AEDB plans to electrify 400 villages, 100 in Sindh and 400 in Baluchistan. 49 villages in Sindh have already been electrified where 3000 Solar Home Systems are installed. 

Street lights and billboards consume around 400 MW of power which can be taken off from the grid by converting these loads to solar. The duration of use and the amount of power requirement make these two interventions technically viable financially attractive with very small payback periods. This intervention is ready to do in the country and AEDB has prepared a PC-I and submitted for approval for a demonstration project.
AEDB has also initiated pilot program under World Bank assistance to study the technical, financial and social viability for replacement of conventional water heaters with Solar Water Heaters. This pilot designed to trigger the market forces under different financial mechanisms and incentives.
Solar Thermal Power Generation using concentrated solar power technology (CSP) is a viable option because of its promising potential. These power plants of medium to large capacities   (10-50 MW) can be installed in Southern Punjab and Eastern Sindh and Baluchistan because of the availability of water in these areas. A LoI request for installation of 500 MW of CSP power plants is under review with the panel of experts.

1.3
Government Efforts to Improve Energy Situation 

The Government is making concerted efforts to ensure that the development of energy resources continue to contribute to the nation's economic growth and well-being. The government has identified energy sector as a top-most priority area with an allocation of Rs 329 billion being earmarked for power generation through nuclear, thermal and hydel sources in the budget 2009-10. 

An effort to improve the energy sector operation is a continuous activity as the energy sector demand is always on a rise. In order to contribute towards sustainable development and improving the competitive edge of the nation the energy supply support system and services will continually be upgraded in terms of quality, reliability and efficiency. 

Keeping in view the energy crisis in Pakistan, good and concrete policy needs to be implemented to develop energy sector in the country.  Policy issues are also required to be considered with regard to the newly emerging challenges in the energy sector.  The government may also chalk out long- term strategic plans of action in this regard. 

Technology Foresight is considered as one of the most important tools in strategic planning and policy making through that we can plan for the time beyond 15- 20 years while considering the challenges and opportunities in energy sector. The foresight activity provides road maps for future planning in any of the sectors of socio economic importance. 

Owing to the central importance to both economic growth and development, the Government of Pakistan has identified energy as one of the four major drivers of growth, in addition to agriculture, small and medium enterprises, and information technology. The energy sector has also been identified as a priority area through a survey conducted by the Technology Foresight Project in Pakistan (sponsored by Ministry of Science & Technology). 
Chapter 2: 
Energy Security and the way forward
Energy Security is defined as fulfilling three basic energy criteria -- abundance, reliability, and commercial availability. Only processes based on converting existing thermal power plants to coal gas through gasification of local coal together with co-generation and adopting advanced power generation through fuel cells, Stirling engines, photovoltaics/solar,  wind, geothermal and nuclear, can meet all three energy security criteria in the long-run. 

Co-generation plants will drive economic development in three distinct ways. First, the sheer magnitude of constructing a facility with sizeable investment creates a breadth of employment and associated spending in a country. Secondly, the operation of a co-generation power plant would offer ongoing, well-paid jobs, tax revenues, and spending spin-offs. The third driver of economic development would result from use of the power produced. A co-generation facility might also be able to provide electricity at lower costs than a dedicated utility power plant based on imported oil.

Coal Facts:

At present Pakistan is facing serious energy crisis. Severe shortage of electricity and natural gas has adversely affected the industrial and social sectors, crippling the economy in the process. There is dire need to plug the electricity and fuel gap. Pakistan’s energy mix is predominantly thermal. The situation has become unsustainable due to heavy import of oil to the tune of 12 Billion dollars per annum. 

Coal is a cheap source of energy and widely used throughout the world for power generation, steel, cement and other process industry. Pakistan is ranked 4th  in coal reserves (185 billion tons) but 35th (4 million tons/annum as opposed to in excess of 6000 MT/annum worldwide) in coal production. If half of these resources are exploited properly, it would be sufficient for generating 100,000 MW of electricity for 30 years. The status of our coal industry is depicted in Table. It’s hardly a billion dollar industry, which is nominal given the vast reserves of coal in the country. Coal occupies 45 % of the world energy mix, with USA using 50%, India 70%, China 79%, and South Africa 93% coal in the energy mix. While sitting on one of the world’s largest reserves, our share of coal in the energy mix is less than 4.0 %. 

	ENERGY COAL

INDUSTRY SNAPSHOT
	
	

	No. of companies


	Act/Est
	3-5

	Industry Sales (Rs in million)

Best estimates if actuals not readily available
	Act/Est
	47,000 (2011)/45,000 (2010)

	
	
	High(>15%)      Medium(5-15%)    Low(<5%)

	Projected Sales Growth (%) (Next 1-2 years)

Best estimates if actuals not readily available
	Best Guess
	

	Total employment (direct+ Contract)

Best estimates if actuals not readily available
	Act/Est
	3,500 (2011)

	Total assets (RS. In millions)

Best estimates if actuals not readily available
	Act/Est
	100,000 (2011)

	Total current assets (Rs in millions)

Best estimates if actuals not readily available
	Act/Est
	55,000 (2011)

	Inventory (Rs. In millions)


	Act/Est
	14,000 (2011)


Private sector should be included in projects of generation of energy from coal. Power sector coal demand will grow with the depletion of gas reserves and the expected increase in gas prices. The deployment of advanced technologies such as co-generation will also increase coal’s attractiveness as a generating fuel in the long run. 

The bulk of Pakistan’s indigenous coal reserves lie in Sindh. The largest reserve, 175 billion tons of lignite coal, is located in the Thar Desert of Sindh. Thar coal is yet to be developed for mining and power generation. Thar coal presents an electricity generation potential of 100,000 MW, at estimated consumption of 536 million tons per year. The Thar field is contiguous with India. 90 miles from the border, the Indian’s have almost exhausted their quarry. There is no reason why we shouldn’t be able to exploit Thar coal. In fact there is a silver lining in the cloud. The Sindh Engro Mining Co. disclosed at the 5th Oil and Gas forum that they will start mining Thar coal three years from now. 

· There are lignite coal reserves in Lakhra, Sonda, Indus East and other coal fields of Sindh. The Lakhra coal Feld is thoroughly investigated and developed. Several public and private mining companies are mining coal from Lakhra. It has been confirmed that Lakhra coal is suitable for power generation. A 150 MW FBC plant is currently being operated by WAPDA on Lakhra coal. The SONDA and other coal fields of sindh are yet to be investigated and developed.

· Good quality Sub-Bituminous coal is available in various coal fields of Baluchistan and Punjab, which coal fields are considered suitable for power generation. Some small coal reserves are also located in NWFP and AJK, and are being mined on a small scale.

· An Abu- Dhabi- based power generation company is likely to invest $1.75 billion to establish coal-fired power stations in the power starved metropolis to generate some1, 800 megawatt of electricity in two phases.

· World Bank will provide technical assistance Credit for Sindh coal Technical Assistance Project (SCTAP), while Pakistan Government would also contribute to this.

· Punjab government is also exploring the option with Chinese investors to discuss power generation project based on Mianwali/ Chakwal coal reserves.

· Development of Thar Coal Project would cost 430 billion (USD 5.5 billion). This will lead to infrastructural, technological and developmental investment in the country. This will enable Thar Coal Project to generate 20,000 MW of electricity for next 40 years.

· Integrated gasification combined cycle (IGCC) power plants are believed to be the type of power plants that will predominately be used to add to our electrical power supply, replace our aging coal power plants and out increasingly expensive natural gas power plants. The process offers options to eliminate greenhouse gases produce Hydrogen and/ or produce liquid fuels.

· The gasification of coal was the first experiment of its kind in Asia. Through gasification, adding that power generation would gradually be increased to 50 MW.

· KESC is planning to work on Thar Coal to produce cheap electricity for its customers. KESC is also working with Oracle Coalfield to establish 300 MW power plants at Thar Coal. The new construction of a power plant at Bin Qasim-II is in progress in which KESC has invested around 400 million dollars. This plant has the capacity of generating 560 MW and will be operational very soon it will start generating electricity.

· It is necessary to establish the cost and practicability of mining the Thar Lignite. The stripping ratio is quite high, and the nature of some of the overburden may make it difficult to move and to stack elsewhere. It is also necessary to establish that the fuel is reasonably consistent. Also that the mineral matter and other ash forming components do not imply unacceptable operating problems. In the blocks explored, the heating value of the coal/ lignite at around 14 MJ/ Kg makes it quite an attractive fuel.

2.1
Threats

Technology Issues

· The coal reserve could face possible technological impediments in successful ongoing commercialization. Critics of Thar Coal project say that the quality of coal is not good and due to this inferior quality of Thar coal it is more difficult to generate electricity.

Huge Investment Outlay

· Setting up a coal- based power plant is not only very costly but a huge amount would be needed to keep it running, and it would only be possible for financially strong companies to invest in this project. The construction cost of a 1000 MW coal- based power plant at Thar is estimated around Rs. 120 billion.

· According to an article “ Coal Power in a Warming World”, published by the Union of Concerned Scientists, the underground mining of coal is a dangerous  profession, and underground and suface mining are both highly damaging to landscapes, water supplies, and ecosystems.

2.2
Outlook

· Energy contents of coal resources are more than the energy contents of Saudi Arabia and Iran’s joint oil resources. In order to exploit Pakistan’s Thar coal resources for power generation, enormous investment is required for the development of coal mines and related infrastructure to ensure a sustainable and reliable coal supply for power generation plants. Despite geo-political and economic uncertainties expect higher growth rate for current and prospective investments into the generation projects. 

Coal Gasification

A way forward is the gasification of coal which is a versatile technology that can provide heat for the furnaces, electricity for captive power and liquid fuel for the commuting, aviation and marine sectors. It promises indigenous, reliable and less expensive power generation as compared to oil- fired power generation based on imported oil. Most of the vendors offering imported gasifiers put the cost of electricity at PKR 5 per unit.  The Lurgi gasifier saved US from imminent energy crisis following the oil embargo of 1971 by OPEC. 

The challenge is to handle the local lignite deposits of low rank coal whose specific properties must be kept into consideration, namely, its high moister content, lower heating value, higher sulfur and ash content, fines and higher reactivity compared to bituminous and anthracite. Efficiency will be the key factor in the design of indigenous gasifiers to mitigate the low thermal value to effectively compete with imported coal. The best minds from academia, industry and the government must put their act together to address this challenge. What we must be looking for is a cost-effective, high reliability non-slagging design yielding higher conversion efficiency of coal to gas, increased fines tolerance, higher plant throughput, significantly lower steam (water) usage and lower fuel costs, and providing 10-20 year refractory life.

Design and fabrication of such a gasifier to utilize local coal will fill domestic blank, make outstanding contributions to the localization of large scale gasification equipment and will lead to greatly enhanced coal competitiveness. This will create demand in the captive power and steel industry to boost surface mining in parallel.

Liquid Fuels / CTL:

Pakistan imports liquid fuels to the tune of 15 MT/annum costing ca. USD 15 billion to the national exchequer per annum. Bulk of this liquid fuel is diesel. When considering the energy industry, we often limit ourselves to electricity. This is a highly lopsided approach. Commuting runs parallel to electricity in so far as energy is concerned. Liquid fuel is required for commuting e.g. long-range driving, on-road trucking, aviation and marine. Reliance on imports and growing energy requirements of mobile power has a direct negative impact on our energy security. Production of liquid fuels through clean fuel processes such as hydrogen production, biofuels, clean coal processes and waste to energy is an imperative. According to Braemar Energy Ventures (www.braemarenergy.com) there is no energy crisis per se with 1,342 billion barrels of proven world reserves, but there is a looming crisis in liquid fuels from the standpoint of necessary and expensive imports in an era of political instability.


Among liquid fuels, biofuels can leverage the existing fleet and distribution infrastructure for liquid fuels but lack production capacity of any meaningful scale despite the fact that biofuels today supply 7% of the world liquid fuel demand, with an annual global production rate of some 20 billion liters. While electricity is readily available, feedstock remains the biggest challenge for biofuels. Energy crops like Jatropha and Sweet Sorgham promise viable production of biofuels without hurting the food chain. These can be grown on some 7.0 million acres of marginal land available in the country. One million tons of biofuel worth one billion USD, roughly requires half a million acres of marginal land that is not otherwise suitable for agriculture. This provides a clear incentive to the growers and is doable and viable proposition. Being carbon neutral, biofules also promise to reduce the environmental footprint. Furthermore, energy crops normally yield 30-40% oil with 60-70% biomass as cake. The latter provides a good source for co-generation.

a) Clean coal technology is a viable alternative to the production of liquid fuel. Clean coal technologies are several generations of technological advances that have led to more efficient combustion of coal with reduced emissions of sulfur dioxide and nitrogen oxide. Three types of processes are operational worldwide, (a) Direct combustion of coal, in which Limestone and dolomite are added during the coal combustion process to mitigate sulfur dioxide formation (the limestone reacts with the sulfur to produce marketable calcium sulfate, or gypsum). There are 170 of these units deployed in the U.S. and 400 throughout the world, 
b) Flue Gas Desulfurization – also called “scrub​bers,” that spray water-lime solution to remove large quantities of sulfur, other impurities and particulate matter from the flue gases of coal combustion, to prevent their release into the atmosphere. The 4000 MW Drax direct coal- fired power station in UK uses this operation to produce large quantities of gypsum while stripping off sulfur from the flue gases by spraying lime-water solution on the flue gases before they are finally discharged to the atmosphere, and

c) Coal to liquid, or CTL in which coal is gasified to syn. gas, which is passed through the gas cleaning unit before conversion to liquid fuel in a FT-synthesis plant. Due to removal of impurities before the gas is converted into liquid, CTL produced diesel have superior properties in terms of combustion efficiency and emission of pollutants. CTL fuel is compatible with existing diesel engines.  Therefore, liquid fuels from coal can be delivered from an existing pump at a filling station via existing distribution infrastructure and used, without modification, in the current vehicle fleet. 

CTL is normally operated in conjunction with IGCC in which the heat energy from the gas turbine also powers a steam turbine. IGCC has the potential to improve coal’s fuel efficiency rate to 50 percent, as opposed to a max. of 29% for direct coal fired plants. 
2.3
Relevance

Interest in constructing CTL plants tends to increase when the oil price is high and countries are concerned about the cost of their oil imports, thereby decrease reliance on oil imports, improving energy security. CTL is particularly suited to countries like Pakistan that rely heavily on oil imports and that have large domestic reserves of coal.

2.4
Economics and Logistics

CTL projects may be initiated at design capacities of about 10,000 to 30,000 Bbl/day. Smaller plants will be more expensive on a barrel of capacity basis. US DoE estimates capital costs for a 32,000 Bbl/d CTL plant of between $81,000 and $92,000/ tream day barrel of output. This is consistent with estimates that range from $100,000 per daily barrel for a 10,000 BPD plant to $70,000 for 80,000 BPD commercial plants. CTL/F-T liquids could compete with oil at a crude oil price of $41 to $61/ Bbl depending on plant size, coal type (bituminous, or lignite). A 32,000 BPD CTL plant using bituminous coal would consume approximately 16,000 tons of coal per day or 6 million tons of coal per year. The same size plant using lignite would require twice

that volume. 

A 1000 BPD CTL plant, apart from 1000 BPD of clean, soot-free diesel, produces 80 MW of surplus electricity from the unconverted syn. gas. The total sales revenue for the 1000 barrels of diesel and 80 MW of electricity is estimated at $105M/annum, which makes good economic sense when seen in the context of capital investment cited above. The Capex and Opex for competing technologies is reflected in the table. 

	Energy source
	CAPEX (USD/KW)
	Operating cost (USD/kWh)

	Ni/Cd
	7000
	7.50

	Gasoline Engine
	30
	0.14

	Diesel Engine
	40
	0.1

	Fuel Cell
	3000
	0.5-1

	FT Process
	1300-1500
	0.02-0.04


In regard to the commuting sector, the upshot is that batteries cannot compete with the energy densities inherent in liquid fuel, which explains in part the continued domination of gasoline and diesel engines over battery operated and fuel cell powered vehicles. The FT process offers a viable route to the production of clean liquid fuel from fossils resources (especially coal). Both from the CAPEX and operating cost standpoints, as indicated.

 Pakistan’s first $50,000 small turnkey lab scale FT Synthesis unit financed by FFCL to be set up at NUST, is currently being fabricated overseas, will take around three months to arrive. This will allow testing of indigenously produced catalyst on practical runs of syn. gas through the reactor; will also allow validation of several design and process parameters for meaningful scale up. COMPS, WITTS operated a similar unit for 17 years, in the process, passing on vital information to SASOL for their current 160, 000 BPD CTL plant.  
Micro-Hydel

Pakistan, and its people, are out of necessity seeking solutions to the severe energy crisis they are currently facing. Micro-hydropower projects are one important component of Pakistan’s overall energy portfolio, having a potential of around 5000 MW in total. By their nature, micro-hydro resources can be highly distributed, rather than centralized, thus enabling access to power in rural areas of the country not served by other energy infrastructure. The assessment of current micro-hydro installations and the sitting of future installations require numerous data streams that are often not available in Pakistan. This relatively data-poor environment represents a significant planning and operations challenge, particularly given the uncertainty regarding long-term secular changes in the climatic fields (precipitation, temperature, etc.) that control water availability.

Also, the reliability of installed plants is jeopardized by poor-quality planning and construction, one manifestation of which is the significant number of failures related to non-certified turbines. There is need to fill these data, methodological and implementation gaps through a multi-disciplinary and multi-national study of water availability and micro-hydropower feasibility in Pakistan. A unique approach includes computational modeling, field testing, and laboratory testing. The overarching goals in this aspect are:

(i) to advance the scientific understanding of water resources in Pakistan at the local catchment scale and in light of changing climatic conditions, 
(ii) to improve the implementation of micro-hydro technology, particularly in rural areas, and 
(iii) to build local intellectual and physical capacity, including establishing the only turbine certification facility in Pakistan. Thus the key technical objectives and non-technical objectives are:

1. Develop a computer-based assessment tool, including estimates of both current and future water availability, to enable more thoughtful site planning and efficient design of systems;

2. Train Pakistani HR in stream flow measurement techniques;

3. Obtain reliable measurements for the evaluation/improvement of computer model performance;

4. Develop, with industry collaboration, a laboratory testing facility in the relevant institutions for hands-on research and educational opportunities and establish turbine certification procedures therein. Both hydraulic and electric load controller testing will be addressed;

5. Assess performance of tested turbines at a range of field sites;

6. Build physical capacity through the acquisition of specialized instrumentation and the development of the only national turbine testing/certification facility of its kind in Pakistan;

7. Advanced Studies) and broaden relationships with industry and other organizations active in the renewable energy sector in Pakistan;

8. Strengthen the capabilities and improve competitiveness of the national micro-hydro industry;

9. Provide improved economic opportunity and quality-of-life for rural populations in Pakistan.

Chapter 3

Technology foresight studies in energy area
3.1
Project Details
Ministry of science & technology launched a project Technology Foresight Exercise in Pakistan in 2007, with the following objectives.

· To provide valuable inputs to strategy and policy planning as well as to mobilize collective  strategic actions.  It will do so by:

· Identifying potential opportunities for the economy or society from new science and technologies, and 

· Considering how future science and technologies could address key future challenges for the Pakistani society.

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

Through this project, areas including Agriculture, Environment, Health, Energy, Bio Technology, Nano technology, Education, Information and Communication Technology, Industry and transportation were identified as priority areas for policy interventions. 
3.2
Methodology
An energy foresight under the Technology Foresight project was carried out to discuss viable technologies for the sustainable development of the energy sector in Pakistan, keeping in view the time horizon of 10-15 years i.e. 2020-2025.  STEEP-V approach was used for collection of opinions, policies and projects for future energy needs. More than 20 experts participated in the STEEP-V brainstorming sessions having affiliations with R & D organizations, Ministry of Water and Power, researchers and professors in universities, NGO and private sector organizations. STEEPV which is an acronym for (Social, Technological, Environmental, Economic, Political and Values) is an internationally recognized tool for brainstorming used in conducting Technology Foresight worldwide. The details about members of expert group and their ToRs are annexed. Most of the experts focused on indigenous solutions for meeting future energy requirements rather than importing the technologies. The main focus was on the promotion of renewable energy and energy efficiency/conservation related matters. Greater emphasis in this regard, was on energy education and ensuring support and incentives for research and development in the energy sector.

3.2.1
Brainstorming through STEEPV:

An expert panel of 22 members, representing stakeholders from academia, industry, R & D organizations private sector and civil organizations was constituted to conduct Technology Foresight Exercise in energy area. The methodologies proposed by UNIDO Manual, 2006 were used to conduct this exercise. The expert panel convened eight workshops/meetings during a period of 15 months. The numbers of experts participating in all the eight meetings were about 22, however, eight to nine members were regular and others participated in five to six meetings due to their other commitments. The minutes of meeting were communicated to all of the members. The absent members were requested to provide input based upon the proceeding of the meeting. Hence, the input from absent members was also obtained.  

The panel assessed the current situation and identified key opportunities for Pakistan in the existing scenario. The standard method of STEEPV, which is an acronym for Social, Technological, Economical, Environmental, Political and Values (UNIDO Manual, 2006) was used by panel members for the brainstorming sessions to identify a number of issues and drivers, policy recommendations, future viable projects and key areas of technological intervention. An important aspect of the methodology involved constructing the scenarios which could develop by 2020-2025. The scenarios were built on the uncertain drivers that could affect driving forces mentioned by the panel. 

3.2.2
STEEPV: Identification of Issues and Drivers: 

Social

1. Public need oriented Technology Management 

2. Awareness Campaign 

· on use of energy efficient technologies

· Energy conservation 

· Energy efficiency   

3. Energy efficiency governance

· Enabling Frame works

· Institutional agreements 

· Co-ordination Mechanism

4. Energy audit  

· Smaller household size

· Cultural studies of wastage and usage of energy

5. Primary Education 

· On importance of energy in daily life

· Role of energy in socio-economic development

6. Energy Education System 

· In all sectors of the industry specially in those industry which share great percentage of energy consumption i.e. transport, steel, , cement, textile, etc Technology

· Adoption of Indigenous technology 

· Battery manufacturing plant 

· LED technology, LFD technology, HFED technology

· Energy presentation using low technology

· Coal technology 

· Nuclear energy

· Real Time data base

7. Pakistan resource data base 

8. Alternative Energy/ Renewable Energy ( Wind, Solar, Micro Hydel, Biomass, Waste to energy) 

9. Energy efficient building

10. New electricity power storage system

11. Information and communication technologies

· New technologies envisaged could improve efficiency in transport, energy, waste collection and other areas

12. Biomass integrated-gasification combined cycle and co-combustion

13. Coal: integrated-gasification combined-cycle

14. Coal: ultra-supercritical

15. Second generation biofuel 

16. Reduces the electricity consumption (kWh) and demand (KW) of air conditioning and refrigeration compressors

Environment

1. Low carbon energy system

2. Growing share of renewable energy

3. Education related to Energy Technology 

4. REEE think tanks

5. Industry-Academia linkages

6. National thinking lacking

7. Natural resource management

8. Marketing oriented R & D environment

9. Carbon credits

10. Previous projects/project management

· Enronmental benefits include many elements, such as reduced local pollution through burning less fuel, lower greenhouse gas emissions, less use of firewood and hence less destruction Of forests.
11. Climate change impact

12. Environmental disaster

Economical

1. UNDP funding to wind energy technology

2. Un-economical high-tech purchase for educational institutes

3. incentives for research and technology

4. Dependence on foreign models is not economical

5. Patents and Royalties/ IPO.

6. Micro and Macro finance Institutes 

7. Re-invention

8. Economic indigenous projects

9. Employment generation oriented project.

10. Zero- energy building

11. Introduction of incentives

12. Save energy bills


Political


1. Banker’s leadership 

2. Scholars  political leadership

3. Abide by rules and regulations.

4. Awareness of decision makers.

5. Vested interests, monopoly/lobbies.

6. Technology policy.

7. Legislation policy.

8. PEMRA enforced media.

9. Implementation of energy policy

3.2.3
STEEPV Voting – Importance

In this step each participant was allocated six post-it notes and the task was to use these as votes to nominate the drivers/issues which were believed to be most important in shaping the pattern of the development of the topic. Participants voted by sticking the post-it notes next to those drivers which were considered most important. The members were given choice to give all their votes to one issue/driver or distribute it among various drivers. The votes were recorded for further analysis and for presentation in the report.

3.2.4
Result of Voting of Drivers Based on Importance


Issues/ Drivers





   
No. of Votes
1.   Energy efficiency 







12

2.   Renewable energy







07

3.   Adaptation of Indigenous Technology




06

4.   Support and incentive for research.





05

5.   Awareness campaign/ PEMRA enforced media coverage.  


03

6.   Energy education system.






03

7.   Natural resources management. 





03

8.   Financial support and commercialization of indigenous technology. 
03

9.   Awareness of decision makers and politicians.



03

10. Regulation and lobbying against vested interest. 



03

11. Legislation and policy formulation.





03

12. Industry academia linkage.






02

13. Nationalism approach/ patriotism.   





02

14. Journalist energy group. 






02

15. Think tank.








01

16. Support for training and capacity building.




01

17. Economic indigenization of projects.





01
The experts discussed the results again and finally concluded the following issued:

Result Showing Top Six Issues/ Drivers based on Importance

1.   Energy efficiency 









2.   Renewable energy









3.   Adaptation of Indigenous Technology






4.   Awareness campaign/ PEMRA enforced media coverage.




5.   Support and incentive for research.







6.   Energy education system.








3.2.5
STEEPV Voting based on Uncertainty

The task now was to vote on the issues and drivers considered to be most uncertain. The term Uncertain here refers to the level of Uncertainty in development of each driver and/or its impact on the topic under consideration. Each panel member was allocated 10 post-it notes and choice was given to use as many as he feels necessary. The key for Voting on Uncertainty was that If a member was very confident about the development of each driver he was asked to stick no post-it notes, if slightly uncertain, one post-it notes, if moderately uncertain, two post-it notes, and if highly uncertain then three post-it notes. 

3.2.6
Result Showing Voting of Issues/Drivers based on Uncertainty

1.   Support and incentive for research 





21 Votes

The experts focused on the point that the government should provide support and incentive for research and only through this our scientists and researchers will be able to conduct research keeping themselves updated with the latest trends.

2.   Energy education system     




                       20 Votes

It is imperative that a well established energy education system exists in the country which educates the masses on how to use energy efficiently and how to make the best use of our resources.

3.   Renewable energy






         16 Votes  
The experts believed that with the ever depleting oil and gas reserves, the focus should be on exploiting renewable sources like, solar, wind, biomass, biofuels and one of the emerging technologies identified was that of zero-energy buildings.

4.   Awareness campaign/ PEMRA enforced media coverage
       
         15 Votes

Pakistan Electronic Media Regulatory Authority should be forced to allocate 10 percent of their time for public service messages, including awareness on how to use energy efficiently and how to conserve the energy resources. 

5.   Adaptation of Indigenous Technology



                     14 Votes

The expert group highlighted the importance of developing technologies based on indigenous expertise and resources. This will be one way forward to lessen our imports and as a result save huge revenue.

6.   Energy efficiency 






                    13 Votes

The first step to solve the energy crisis is perhaps to use the already available energy resources more efficiently. The need is to promote energy efficient industries, domestic appliances, tube wells and to control energy theft. 

3.2.7
Selection of Top Two Uncertain Issues/ Drivers 

1.   Support and incentive for research  



                   21 Votes

This driver gathered the most votes in terms of being most important but at the same time most uncertain, which means that the experts were not very confident of its development, and how it will affect the topic under consideration. 

2.   Energy education system





                20 Votes

The second most important and uncertain driver identified through voting was energy education system. The group was not confident of the development of this driver and what impact it will have on the topic under consideration.

These top two drivers were selected for development of scenarios first.

3.3
 Development of Scenarios
Following tentative scenarios were built which required further deliberation from the participants.

   Developed Energy Education System

	No Support and incentive for research
	Laborgy(Labor intensive)
	Energized Pakistan
	Support and incentive for research

	
	Dark Pakistan
	Naïve 
	


Inadequately Developed Energy Education System

Description of scenarios

STEEPV strategic environment analysis tool was used to develop scenarios.  The outcome of analysis was four alternative scenarios on our energy sector. These scenarios give an insight to four various possibilities that can occur by 2020-2025, according to the findings of expert panel members of energy sector.

The members were asked to explore each of the four possible scenarios. Following a common practice in these exercises, participants were invited to imagine and think how each scenario would be at the horizon year, 2020-2025.

Scenario 1: (Laborgy Pakistan)

While fleshing out the Scenario One, it is hypothesized that after 10-15 year we will be in a position to develop an energy education system, where we will teach and create awareness on energy related issues at all levels, but on the other side we will not be able to  provide any support and incentive for research, at this point, we will find ourselves in a position where we will have a very laborgy Pakistan i-e (Labor intensive Pakistan). Currently in Pakistan’s scenario, we observe that we do have a Research & Development system for researchers and scientists, which is developed to some extent but we lack the incentives for them so that they can conduct research according to the latest trends and keep up with the developed world. The one reason for the energy crisis in Pakistan is the  lack of funds for our researchers and lack of incentives to motivate them towards carrying out this all important research for sustainable development of our energy system.

Scenario 2: (Energized Pakistan)

While exploring scenario two, which is the ideal scenario, two situations were considered.  In first situation, our researchers and scientists are provided with full incentives and research facilities and also where we have a very developed energy education system in Pakistan. It is also assumed that the students at all levels are being taught about energy conservation. They would learn how to make energy efficient appliances and awareness of energy efficiency and conservation of energy. This information would be provided through seminars, workshops and courses. The experts labeled this ideal scenario as Energized Pakistan. To achieve the ideal scenario by 2020-2025, a number of steps will need to be taken on a time line of 10-15 years. A number of projects will have to be initiated, out of which certain projects will need to be initiated on a short term basis; others will be for mid-term, and for long term development. The expert members devised a roadmap through which the ideal scenario can be achieved.

Scenario 3: (Naïve)

Discussing Scenario Three, the expert group imagined a future where we will have support and incentives for doing research on energy but on the other hand the system will not be supported by an adequate energy education system. This system will create opportunities for researchers and provide them incentives, but it will not be backed up by creating awareness amongst the general population. It is a recognized fact that no country can progress, if its education system doesn’t support its research and awareness at grass roots level.. Today one major reason for our energy crisis is the lack of awareness amongst the general population on how to conserve energy and how to promote energy efficient methods. Natural Resources are wasted through inefficient usage of energy. It is needed  to create awareness amongst the decision makers and policy makers, that the oil and gas resources are depleting very quickly. It was also highlighted that, we should rely on alternative/renewable sources of energy and on coal to meet our energy demands.  

Scenario 4: (Dark Pakistan)

The last scenario discussed by the expert panel on energy is the least desirable scenario. In this scenario, we find ourselves in a position where we have no support and incentives for research and on the other hand our energy education system is inadequately developed. So, through this we are neither supporting new R & D on energy and similarly nor any awareness on energy related issues. This scenario was labelled as Dark Pakistan. In order to avoid this scenario and achieve the ideal scenario a number of recommendations, future viable projects and policy statements were given by the panel members. The need of time is to build on those recommendations and start taking the steps immediately.


Chapter 4:

Energy Alternatives for Emerging Economies

4.1 Introduction

Almost 1.6 billion people currently live without electricity in countries with emerging economies. These people live in either remote rural areas that have no connection to electrical power grids, or urban areas with inadequate utility systems. The demand for energy in these countries is expected to grow with increase in population and living standards. As per conservative estimates, these countries will need to double their electrical power output by 2020. 

Despite the worldwide growth in energy consumption, the number of people disadvantaged by a lack of modern energy services has remained relatively unchanged. For this reason, the focus of the international community has clearly remained ‘poverty alleviation’ in general, and specifically achieving the targets known as the Millennium Development Goals (MDGs). 

Thеѕe preѕѕureѕ require that the world energy supply be increаѕed, particularly if the аѕpirаtiоnѕ of ѕоme аreаѕ are to be met without jeopardizing the living ѕtаndаrdѕ оf оthеrѕ. It hаѕ long been recognized thаt the ѕupply оf the cоnventiоnаl fuels, cоаl, oil (petroleum), nаturаl gаѕ, urаnium, аnd fuel wооd, iѕ limited аnd insufficient tо ѕuѕtаin rаpid rаteѕ оf development. Аlthоugh there mаy be debаte аbоut the exаct length оf time аvаilаble befоre the effectѕ оf а wоrldwide ѕhоrtаge becоme аppаrent, thеre iѕ аgreement thаt ѕuch а ѕhоrtаge will оccur. It iѕ оnly а mаttеr оf time; in the cаѕe оf оil, fоr exаmple, the debаte iѕ nоt аbоut whethеr but аbоut when оil prоductiоn will peаk. It is in this context that the role of Alternate Energy Sources (read Renewable Energy Sources) becomes important. These sources include solar, wind, micro-hydel and, on a somewhat higher technical pedestal, technologies associated with biodiesel, biomass, waste to energy, fuel cells, tidal, wave energy etc. 

This brief highlights three energy alternatives considered critical to sustainable development and poverty reduction: Solar, Small Scale Hydro and Miro-Wind energies along with their respective merits and de-merits. Finally, status of Pakistan with regard to Alternative Energy sources is indicated. 

4.2  Main advantages and disadvantages of small scale hydro, wind and Solar PV systems

	Technology
	Advantages
	Disadvantages

	Small scale Hydro
	· Alternating Current (AC) can be produced directly which can run AC appliances directly

· River flow rate is generally predictable, so electricity can be generated reliably

· Low cost per kW
	· Possible harmful effects on aquatic life

· Not portable (unless very small scale)

· Plants tend to be driven by run-of-river or relatively small reservoirs, hence highly susceptible to droughts

	Micro-Wind
	· Alternating Current (AC) can be produced directly which can run AC appliances directly

· Easy to manage as they can be installed for single households (no community mobilization necessary)
	· Intermittent - the wind is not always predictable

-  so power is only available when       

       there is wind

       - storage is recommended.

· Storage requires a battery with chemicals - potential danger to the environment if not disposed of properly

· Only effective in generally windy locations

	Solar PV
	· Direct Current (DC) can be produced directly which can run DC appliances directly

· Portable - can be mounted on or form part of buildings (e.g. widely used on the roof)

· Easy to manage, can be installed for single households (no community mobilization necessary)
	· Only generates in sunny periods, so storage of electricity is required

· Storage requires a battery with chemicals - potential danger to the environment if not disposed of properly

· Only cost-effective in sunny locations

· Only DC available directly. Needs a special device to convert to AC. 


4.3 Achievements of Pakistan with respect to Alternative Energy Sources

Alternative Energy Development Board (AEDB) is an autonomous organization established as the apex agency by the Government of Pakistan to promote and develop Alternative & Renewable Energy technologies in Pakistan on a commercial scale. AEDB acts as the “One-Window Facility” for the private sector for establishing Renewable Energy projects based on wind, solar, micro-hydel, biodiesel, biomass, waste to energy, fuel cells, tidal, wave energy etc. AEDB is also vested with the responsibility of formulation of national strategy, policies, plans and programs for development of Alternative & Renewable Energy in the country. 

Achievements at a glance
· Pakistan’s first ever Policy for Development of Renewable Energy for Power Generation 2006 issued.

· Policy Recommendations for use of Biodiesel as an Alternative Fuel issued.

· Pakistan’s first ever commercial-scale wind IPP established; additional projects with a cumulative capacity of 1200 MW currently being developed.

· 42 MW of Renewable Energy added to the country’s generation mix during the last one year.

· Over 4500 houses in 100 remote, off-grid villages provided electricity through Renewable Energy applications under the “Rural Electrification Program.

· Small and Micro Hydel projects with a cumulative capacity of over 280 MW under development through public and private sectors.

· Waste to Energy projects with a cumulative capacity of 120 MW under development.

· Donors’ assistance of USD 700 Million lined up for development of Renewable Energy in the country 


Chapter 5: 

Recommendations of the Expert Panel
Outcome of Technology Foresight Exercise 

5.1
Recommendations
5.1.1
Renewable Energy 

To attain the growth rate of 5 % up to the year 2022 and to meet its objectives of greater self reliance, Pakistan needs, at the very least, to increase its primary energy supply twofold and its electricity generation capacity/supply three times from 2007-08 levels.

If we continue ‘business as usual’, i.e with a heavy reliance on hydrocarbons, the import bill for meeting our energy requirements would increase from USD 12 billion in 2007/8 to USD 41 billion by the year 2022 based on crude oil price of USD 70 per barrel. 

It is, therefore, imperative that the energy mix be changed to provide a more affordable and sustainable energy model for the country which maximizes the use of indigenous resources. Energy Sectors Based on the above mentioned growth rate, in the year 2022, the power generation capacity will need to increase to 50,000 MW from the current power generation capacity of around 14,000 MW. The existing demand for Natural Gas is 4.5 BCFD and if no change is brought in the policies the demand will reach to 10.12 BCFD by the year 2022. Similarly, the supply of 3.9 BCFD will probably be reduced to 2.17 BCFD. It is therefore essential that the demand be prioritized so as to reduce it to 6.6 BCFD by 2022. Subsequently, policies and plans must be developed to increase indigenous production of Natural Gas to a minimum of 5 BCFD by 2022.

Though Gas will remain a major part of Pakistan’s energy mix it is critical that Coal, Hydro and Alternative and Renewable sources of energy be developed vigorously by 2022. Energy through Coal should be considered as the next primary source of energy for power generation for our country. The present estimates suggest that the 185 billion Mtons of Coal which are equivalent to around 617 billion barrels of crude oil, if estimated at $50 per barrel it is an asset worth US 30 trillion dollars. These Coal reserves are enough to provide over 20,000MW of electricity for a period of 40 years. Therefore the proposed Integrated Energy Plan has been designed on the premise that coal will be the next dominant indigenous resource in this country’s future energy mix, especially for power generation Pakistan is blessed with huge potential for the development of clean, Alternative and Renewable energy particularly, solar & wind. Various studies have identified the magnitude of the opportunity in this sector and the expert group strongly recommends that the component of the Alternative and Renewable sources of energy should form at least 12 percent of the total energy pie by the year 2022.


1. Need for Launching of R&D and Pilot Projects in renewable energy, Application of Knowledge

2. LVD/LED street lights should be promoted and commercialized

3. Financial assistance by banks for renewable energy projects

4. Government should force industry to switch to Renewable energy

5. University-Industry linkage cell must be established for promotion of Renewable energy

6. Energy fund and a separate Energy board should be developed

7. Funding for energy projects should be targeted

8. Attention must be paid to Municipal solid waste utilization as RDF in cement industry and other energy purposes

9. Need for legislation regarding promotion of renewable energy and efficient usage of energy

10. Need to promote Geo-thermal and establish a plant with a possibility to have an accord with countries like Turkey

5.1.2
 Energy Efficiency

1. Awareness raising amongst masses regarding efficient usage of energy

2. Education of Architects on energy efficient design of buildings

a. Advisory board for Energy efficient Buildings, for Building control authority must be established

b. Advisory board for Energy efficient Transportation 

c. Energy efficient house hold appliances

d. Energy efficient industries

3. Capacity building of Building contract Authority should be done with respect to  energy efficiency and evaluation of buildings seeking permission in this regard

4. Efficiency improvement of existing Gas-geysers
5. Need to make Industrial motors energy efficient and standardization should be              done in this regard
6. Need to establish centers of excellence for research and marketing of Energy              efficient technologies
7. Involve big construction and housing schemes in establishing and promoting Energy efficient   houses/buildings;   each government organization must announce a housing scheme for its   employees and the houses must be built on zero-energy house concept, this will tremendously lessen the prevailing energy crisis

5.1.3
Fossil Fuels

1. Need to check the efficiency of Lakhra Power plant and improving the performance of research

2. Need to establish a Coal sulphur cleansing/washing plant

3. Coal Briquetting should be promoted

4. Coal-gasification needs to be looked into

5. Need of process engineering for petrol refinement

6. Project should be initiated for identifying final energy mix percentage

7. Govt. offices should start using Solar thermal geysers

8. Free energy provision should be discouraged

9. O & M funding should be started immediately in Lakhra

10. 27.Coal and IPP projects should be prioritized

5.2
 Identification of Projects

Projects identified by the Energy Panel for sustainable development of the energy sector

During the eight panel meetings the members came up with a number of projects which must be initiated in order to move towards sustainable development of the energy sector. These projects are given below;

· Development of Domestic Solar Thermal Power Generation Unit 

· Design and development of energy efficient houses for display to encourage investors 

· Awareness raising campaign regarding usage of renewable energy and energy efficient technologies 

· Replacement of traditional appliances (geysers, heaters etc) in government offices with renewable energy products 

· Development of prototype electric vehicle powered by solar energy to replace Auto Rickshaw  

· Development of biogas technology for domestic fuel needs of rural areas and production of bio-fertilizer. (Bio fuel gas generator)

· Design and development of zero energy building (Platinum building)

· Pilot projects on renewable energy products and their commercialization

· Installation of LED/LVD street lights in Islamabad

· Capacity building of professionals and of Building Control Authority regarding efficient usage of energy

· Establishment of coal briquetting manufacturing plant and coal sulphur cleansing/washing plant

· Plantation of Jatropha plants and indigenous manufacturing of bio fuel conversion plant

5.3
Summary of Sectoral Recommendations

5.3.1
Exploration & Production – Oil & Gas

a) Pricing: The single most important factor in attracting investment and making the  

country a preferred destination for international oil companies is the wellhead price offered for natural gas. It is recommended that the well head gas pricing should be based on 70% of a basket of imported crude price with upper and lower trigger points.

b) Security: To have a formula of making the local population as stakeholders. It is felt that greater incentives to the local population would provide a sense of participation in the exploration effort. Apart from provision of jobs the local population should be given equity in the exploration block through a mechanism that would give them representation on the local management committee and ensure a percentage of future earnings from the block.

5.3.2
Gas Sector Downstream

1. RLNG to replace liquid fuel in power sector. LNG Policy 2006 may be revised accordingly. All new Power Plants to be duel fuel CCGT plants.
2. Merger of SSGC & SNGPL transmission business for better distribution / allocation of gas according to the requirements and need.
3. Proper Unaccounted for Gas (UFG) control system should be introduced in both the Sui companies as 1% reduction is nearly equals to 40 mmcfd.
4. Gas Utility companies to work on margin based system as commercial organizations.
5. Gas subsidies to be eliminated
6. No Gas for water heating, Solar water heaters to be used.
7. No expansion of Gas Distribution Network and LPG/Air mix system to be used wherever possible.
8.   CNG should only be used for buses in major cities.

5.3.3
Review of Load Management & Gas Allocation Policy 

Following changes proposed in the priority list:

· Power Generation

· Industry

· Commercial

· Domestic

· CNG

5.3.4
LPG Sector

a. LPG pricing should be market-driven and based on import parity pricing as stated in the LPG Policy 2001 and 2006.
b. OGRA intervention on determination of consumer prices should be in the extreme is as per the policy and should take place when obvious cartelization appears to be taking place in the marketplace.  
c. Similarly determination of price reasonableness should be avoided to ensure that market is completely deregulated. This is in line with free markets where single prices are not the only focus. 
d. OGRA’s focus should be on increased supplies to the market mainly through imports and local production so as to ensure elimination of price volatility, shortages and predatory pricing. This requires appropriate investment not only in increased storage but also into LPG transportation.
e. PDL/Royalty should be imposed on LPG production at low cost from local gas extraction plants due to low cost of indigenous gas. PDL/Royalty collected should be used to provide a safety net to the vulnerable section of the society.
f. A policy for a transparent and level playing field be developed for setting up of LPG extraction plants and discourage monopolistic trends.
g. Encourage the use of LPG in multiple applications viz; including power production, as Synthetic Natural Gas as a peak load shaving fuel to replace other fuels. 
h. LPG marketing companies collectively should be required to maintain a reserve of at least two weeks worth of stocks.

5.3.5
Refining Sector

a) All refineries in Pakistan are hydro skimming. The international crude and product price trend have forced the Hydro skimming margins to stay negative and in the near future it is highly unlikely that this trend will change anytime in the future. It is our recommendation that the existing refineries be supported for a limited period and directed to upgrade and expand in a defined timeline.
b) Investors should be encouraged to set up only ‘Deep Conversion’ refineries and develop valuable petrochemical products.
c) No second hand refineries to be allowed unless they have secondary processing facility in place.

5.3.6
Oil Sector Downstream

a) A thorough study should be undertaken to evaluate the requirement of pipeline infrastructure for transportation of liquid fuels across the country. In the medium and long term, Gwadar port should also be developed for oil import to other parts of the country via connection with the White Oil Pipeline, Mehmoodkot -Faisalabad - Machike and appropriate extensions.
b) At PQA, FOTCO utilization which is currently running at 100% capacity can be improved by increasing the draft to enable import of larger cargoes, and through provision of night-time navigation.
c) Current storage facilities and jetties of different entities viz; as Engro Vopak and Progas at PQA should also be used to handle liquid hydrocarbons in order to alleviate this congestion.
d) Once existing jetty capacities have been fully utilized more jetties should be planned and built to ease traffic at current facilities and to avoid foreign exchange hemorrhage due to demurrages.
e) Strategic Relationship with Suppliers: Contingency Plan required meeting supply constraints arising due to Strait of Hormuz closure from war. The energy plan needs to explore possibility of swap arrangements for crude and products.
f) Strategic Stocks: The requirement should be increased to 30 days or more and should not be confused with the inventories of the OMC’s and refineries. The strategic stocks should be built and managed by GoP or by industry on commercial Terms with GoP.
g) Pricing: A well thought out pricing policy that protects all stakeholders should be developed and adhered. OMC’s/Dealers margin should be fixed at a level that provides reasonable return to encourage investment in infrastructure. Margin Policy should have a floor & a ceiling on margins.
h) IFEM: Prices should be deregulated and in each city should be based on a refinery price plus freight. This will prevent the loss of revenue through the abuse of IFEM.
i) Product Prices need to be harmonized between competing fuels i.e Diesel, Motor Gasoline, CNG and LPG.
j) Lack of level Playing field: An infrastructure company to be set up which should own & manage storage facilities, pipelines, hydrant systems and access available to all OMCs on payment of storage fee & throughput charges.
k) During winter months Pakistan consumes 125 CST fuel oil. All the refineries in Middle East which are source of supply of fuel oil to Pakistan do not produce 125 CST product. Pakistan is paying a premium on having 180 CST product blended primarily at Fujaira (UAE) to meet this special specification for Pakistani market. It is recommended that future imports of fuel oil be based on 180 CST product specs. This will require the OMC’s and the consumers to provide appropriate facility to receive such products. With this decision, the Country will save approximately 15-20 million dollars per annum based on current consumption and current prices. 
l) Pakistan has been very late in implementing strict guidelines on the amount of sulfur in the diesel which is sold in the market. As a result, we are the only country in the region which is selling 1% sulfur diesel, which is contributing to the degradation of the environment as well as creating health problem for vulnerable section of society. In case of Motor Gasoline, where the western world has implemented Euro IV specs for engines to reduce harmful emissions. Pakistan is still struggling on meeting Euro I specification for vehicles engine specs. Similarly for fuel oil, Pakistan continues to market 3.5% sulfur which is extremely harmful for the environment. Beside this specifications like CCR make the Pakistani product unique in the region and no refinery in the Middle East produces such specification which requires blending in Fujaira and addition at least $3 per Mtons to the acquisition cost.
m) Liquidity and Financial issues: Due to the inability of GOP to pay its receivable on time whether directly or through PEPCO/WAPDA has resulted in OMC’s being short of funds to import diesel and furnace oil. Moreover, GOP decision not to pay interests on delayed payments has considerably impacted OMC margins.
· Medium to long term following technological options for energy sector are essential:

1. Technology for exploration and exploitationd of shale gas and tigh Gas

2. Offshore oil and exploration

3. Lignite coal development keeping in view thar coal which has high moisture and sulphur content. Clean coal technologies like super critical

4. Development of Coal bed methane

5. R&D on Gas hydrates (long term)

6. LNG and imported natural gas: These projects will require intensive technological and infrastructure development in the country  

7. Wind Power Development: Manufacturing Base

8. Co-Generation in sugar industry

9. Energy efficiency and energy conservation in energy generation to end use level

10. use of Efficient Appliances.

11. Soalr PV and solar thermal

12. Development of Geothermal Resources

13. Energy generation from Biomass including  muncipal waste, biogas

14. Biofuels (only from non-edible oil crops) keeping in view food security. 

15. Technologies for optimum utilization of energy resoures
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Figure 2: 
Energy Demand
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Table 3: Energy Demand Table
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Figure 4: 
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Figure 5: 
Primary Energy Supply Demand Pattern (1991-2012)

[image: image10.emf]
Table 4: 
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Table 6: 
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Figure 6: 
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Figure 7: 
Refineries Share (% / MMtons) 2007/08
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Figure 8: 
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Figure 9: 
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Figure 10: 
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Figure 11: 
Existing Generation Capacity and Supply Position

[image: image20.emf]
Table 6: 
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Figure 13: 
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Table 8: 
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Table 9: 
Nuclear Power in Electricity Generation
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Figure 16: 
Nuclear Power Plant Added To Grid
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Figure 14: 
Alternative and Renewable Energy (ARE) Sector
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Figure15: 
Alternative and Renewable Energy (ARE) Sector
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Table 9: 
Potential of Renewable Energy in Pakistan
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Figure 16: 
Energy Consumption by Source
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Table 10:  Consumption of Petroleum Products 
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Table 11: Consumption of Gas
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Table 12: Consumption of Electricity by Sector
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Table 13: Inter Corporate Circular Debt as on 30th April 2011
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Table 14: Consumption of Coal
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Table 15: Primary Energy Supply and Per Capita Availability
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Table 17:  Production of Crude Oil (BPOD)
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Table 18: Production of Natural Gas
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Table 19:
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Table 20: Physical performance of SNGPL & SSGC

[image: image59.emf]
[image: image60.emf]
Table 21: Power Development of Programme
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Table 22: Consumers by Economic Group
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Table 23: Electricity Consumption by Economic Groups
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Table 24: Small Hydro Projects
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