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RENEWABLE ENERGY:



27 27



 Renewable energy is the energy from an energy resource that is replaced by a natural process at a rate that is equal to or faster than the rate at which that resource is being consumed. Renewable energy is a subset of sustainable energy. Renewable energy (sources) or RES capture their energy from existing flows of energy, from on-going natural processes, such as sunshine, wind, wave power, flowing water (hydropower), biological processes such as anaerobic digestion, and geothermal heat flow. Most renewable forms of energy, other than geothermal and tidal power, ultimately derive from solar energy. Energy from biomass derives from plant material produced by photosynthesis using the power of the sun. Wind energy derives from winds, which are generated by the sun's uneven heating of the atmosphere. Hydropower depends on rain which again depends on sunlight's power to evaporate water. Even fossil fuels derive from solar energy, as fossil fuel originates from plant material. However, while theoretically renewable on a very long time-scale, fossil fuels are exploited at rates that may deplete these resources in the near future, and are therefore not considered renewable. Renewable energy resources may be used directly, or used to create other more convenient forms of energy. Examples of direct use are solar ovens, geothermal heating, and water and windmills. Examples of indirect use which require energy harvesting are electricity generation through wind turbines or photovoltaic cells (PV cells), or production of fuels such as biogas from anaerobic digestion or ethanol from biomass. Renewable energy development is concerned with the use of renewable energy sources by humans. Modern interest in renewable energy development is linked to concerns about exhaustion of fossil fuels and environmental, social and political risks of extensive use of fossil fuels and nuclear energy. For a general discussion, see future energy development.
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MODERN SOURCES OF RENEWABLE ENERGY:



The figure below shows the distribution of all energy sources and the percentages of various types of renewable energy sources.



Given below are the basic modern sources of renewable energy: 2.1



WIND ENERGY:



As the sun heats up the Earth unevenly, winds are formed. The kinetic energy in the wind can be used to run wind turbines, some capable of producing 5 MW of power. The power output is a function of the cube of the wind speed, so such turbines generally require a wind in the range 5.5 m/s (20 km/h), and in practice relatively few land areas have significant prevailing winds. Luckily, offshore or at high altitudes, the winds are much more constant. The world’s total installed wind power over the years is shown in the following chart.
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 There are now many thousands of wind turbines operating in various parts of the world, with utility companies having a total capacity of 59,322 MW. Capacity in this case means maximum possible output which does not count load factor. New wind farms and offshore wind parks are being planned and built all over the world. This has been the most rapidly growing means of electricity generation at the turn of the 21st century and provides a complement to large-scale base-load power stations. Most deployed turbines produce electricity about 25% of the time (load factor 25%), but some reach 35%. The load factor is generally higher in winter. It means that a 5 MW turbine can have average output of 1.7 MW in the best case. Global winds long-term technical potential is believed to be 5 times current global energy consumption or 40 times current electricity demand. This requires 12.7% of all land area, or that land area with Class 3 or greater potential at a height of 80 meters. It assumes that the land is covered with 6 large wind turbines per square kilometre. Offshore resources experience mean wind speeds of ~90% greater than that of land, so offshore resources could contribute substantially more energy. This number could also increase with higher altitude ground based or airborne wind turbines. Wind strengths vary and thus cannot guarantee continuous power. Some estimates suggest that 1,000 MW of wind generation capacity can be relied on for just 333 MW of continuous power. While this might change as technology evolves, advocates have suggested incorporating wind power with other power sources, or the use of energy storage techniques, with this in mind. It is best used in the context of a system that has significant reserve capacity such as hydro, or reserve load, such as a desalination plant, to mitigate the economic effects of resource variability. Wind power is renewable and is one of the few energy sources that contribute to greenhouse gas mitigation because it removes energy directly from the atmosphere without producing net emissions of greenhouse gases such as carbon dioxide and methane. 2.2



WATER POWER:



Energy in water can be harnessed and used in the form of motive energy or temperature differences. Since water is about a thousand times heavier than air, even a slow flowing stream of water, or moderate sea swell, can yield great amounts of energy.
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 There are many forms of water power. These are listed below:







Hydroelectric energy is a term usually reserved for hydroelectric dams.







Tidal power captures energy from the tides in vertical direction. Tides come in, raise water levels in a basin, and tides roll out. The water must pass through a turbine to get out of the basin. If the basin is a river delta then silt will block the turbine.







Tidal stream power captures a stream of water as it is pushed horizontally around the world by tides.







Wave power uses the energy in waves. The waves will usually make large pontoons go up and down in the water, leaving an area with no waves in the ‘shadow’.







Ocean thermal energy conversion (OTEC) uses the temperature difference between the warmer surface of the ocean and the cool (or cold) lower recesses. To this end, it employs a cyclic heat engine.







Deep lake water cooling, although not technically an energy generation method, it can save a lot of energy in summer. It uses submerged pipes as a heat sink for climate control systems. Lake-bottom water is a year-round local constant of about 4 °C.







Blue energy is the reverse of desalination. A difference in salt concentration exists between seawater and river water. This gradient can be utilized to generate electricity by separating positive and negative ions by ion specific membranes. Brackish water is produced. This form of energy is in research; costs are not the issue, and tests on pollution of the membrane are in progress.



Hydroelectric power is probably not a major option for the future of energy production in the developed nations because most major sites within these nations with the potential for harnessing gravity in this way are either already being exploited or are unavailable for other reasons such as environmental considerations. However, micro hydro may be an option for small-scale applications such as single farms, homes or small businesses. Building a dam often involves flooding large areas of land, which can change habitats so immensely that this risk of endangering local and non-local wildlife is great. Wave and tidal stream power schemes exist but require development capital. OTEC has not been field tested on a large scale. Critics of hydroelectric dams state that they may produce significant amounts of carbon dioxide and methane from rotting vegetation. In some cases they produce more of these greenhouse gases than power plants running on fossil fuels. Dam failures, while rare, are potentially serious.
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 2.3



SOLAR ENERGY:



In this context, ‘solar energy’ refers to energy that is directly collected from sunlight. However, most fossil and renewable energy sources are ultimately derived from ‘solar energy’, so some ascribe much broader meanings to the term. Solar energy can be applied in many ways, including:



      



To generate electricity using photovoltaic solar cells. To generate electricity using concentrated solar power. To generate electricity by heating trapped air, which rotates turbines in a solar updraft tower. To heat buildings, directly. Careful positioning of windows and use of brises soleil can maximise inflow of light at the times it is most needed, heating the building while preventing overheating during midday and summer. To heat foodstuffs, through solar ovens. To heat water for domestic consumption and heating using rooftop solar panels. To heat and cool air through use of solar chimneys.



Obviously the sun does not provide constant energy to any spot on the Earth, so its uninterrupted use requires a means for energy storage. This is typically accomplished by battery storage. However, battery storage implies energy losses. Some homeowners use a grid-connected solar system that feeds energy to the grid during the day and draw energy from the grid at night; this way no energy is expended for storage. Advantages from solar energy sources include the inexhaustible supply of energy and zero emissions of greenhouse gas and air pollutants. Shortcomings, depending on application, include:



  



Intermittency, e.g. that it is not available at night. Solar panels are in many applications considerably more expensive than alternatives. The current generated is only of DC type, and must be converted if transmission over the grid is needed.
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 2.4



GEOTHERMAL ENERGY:



Geothermal energy is energy obtained by tapping the heat of the earth itself, usually from kilometres deep into the Earth's crust. Ultimately, this energy derives from the radioactive decay in the core of the Earth, which heats the Earth from the inside out. This energy can be used in three ways:



  



Geothermal electricity. Geothermal heating, through deep Earth pipes. Geothermal heating, through a heat pump. Usually, the term 'geothermal' is reserved for thermal energy from within the



Earth. Geothermal electricity is created by pumping a fluid (oil or water) into the Earth, allowing it to evaporate and using the hot gases vented from the earth's crust to run turbines linked to electrical generators. The geothermal energy from the core of the Earth is closer to the surface in some areas than in others. Where hot underground steam or water can be tapped and brought to the surface it may be used to generate electricity. Such geothermal power sources exist in certain geologically unstable parts of the world such as Iceland, New Zealand, United States, the Philippines and Italy. The two most prominent areas for this in the United States are in the Yellowstone basin and in northern California. Iceland produced 170 MW geothermal power and heated 86% of all houses in the year 2000 through geothermal energy. Some 8000 MW of capacity is operational in total. Geothermal heat from the surface of the Earth can be used on most of the globe directly to heat and cool buildings. The temperature of the crust a few feet below the surface is buffered to a constant 7 to 14 °C (45 to 58 °F), so a liquid can be pre-heated or pre-cooled in underground pipelines, providing free cooling in the summer and, via a heat pump, heating in the winter. Other direct uses are in agriculture (greenhouses), aquaculture and industry. Although geothermal sites are capable of providing heat for many decades, eventually specific locations cool down. Some interpret this as meaning a specific
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 geothermal location can undergo depletion, and question whether geothermal energy is truly renewable.



Small scale geothermal heating can also be used to directly heat buildings. There are many names for this technology including "Ground Source Heat Pump" technology, and "Geoexchange". 2.5



BIOFUEL:



Plants use photosynthesis to store solar energy in the form of chemical energy. Biofuel is any fuel that derives from biomass, including living organisms or their metabolic by-products, such as cow manure. Typically biofuel is burned to release its stored chemical energy. Research into more efficient methods of converting biofuels and other fuels into electricity utilizing fuel cells is an area of very active work. Biomass, also known as biomatter, can be used directly as fuel or to produce liquid biofuel. Agriculturally produced biomass fuels, such as biodiesel, ethanol and bagasse (often a by-product of sugar cane cultivation) can be burned in internal combustion engines or boilers. Biogas is a biofuel produced through the intermediary stage of anaerobic digestion. Biogas consists mainly (45-90%) biologically produced methane. A drawback is that all biomass needs to go through some of these steps: it needs to be grown, collected, dried, fermented and burned. All of these steps require resources and an infrastructure. Biomatter energy, under the right conditions, is considered to be renewable. 2.5.1



Liquid Biofuel …



Liquid biofuel is usually bioalcohol such as ethanol and biodiesel and virgin vegetable oils. Biodiesel can be used in modern diesel vehicles with little or no modification to the engine and can be obtained from waste and virgin vegetable and animal oil and fats (lipids). Virgin vegetable oils can be used in modified diesel engines. In fact the diesel engine was originally designed to run on vegetable oil rather than fossil fuel. A major benefit of biodiesel is lower emissions. The use of biodiesel reduces emission of carbon monoxide and other hydrocarbons by 20 to 40 percent. In some areas corn, sugar beets, cane and grasses are grown specifically to produce ethanol (also known as alcohol) a liquid which can be used in internal combustion engines and fuel cells. Ethanol is being phased into the current energy infrastructure. E85 is a fuel composed of 85% ethanol and 15% gasoline that is currently being sold to consumers.
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 In the future, there might be bio-synthetic liquid fuel available. It can be produced by Fischer-Tropsch processes, also called Biomass-To-Liquids (BTL). 2.5.2



Solid Biomass …



Direct use is usually in the form of combustible solids, either wood, the biogenic portion of municipal solid waste or combustible field crops. Field crops may be grown specifically for combustion or may be used for other purposes and the processed plant waste then used for combustion. Most sorts of biomatter, including dried manure, can actually be burnt to heat water and to drive turbines. Sugar cane residue, wheat chaff, corn cobs and other plant matter can be, and is, burnt quite successfully. The process releases no net CO2. Solid biomass can also be gasified, and used as described in the next section. 2.5.3



Biogas …



Many organic materials can release gases, due to metabolisation of organic matter by bacteria (anaerobic digestion, or fermentation). Landfills actually need to vent this gas (called landfill gas) to prevent dangerous explosions. Animal faeces release methane under the influence of anaerobic bacteria. Also, under high pressure and high temperature, anaerobic conditions many organic materials such as wood can be gasified to produce gas. This is often found to be more efficient than direct burning. The gas can then be used to generate electricity and/or heat. Biogas can easily be produced from current waste streams, such as: paper production, sugar production, sewage, animal waste and so forth. These various waste streams have to be slurried together and allowed to naturally ferment, producing methane gas. This can be done by converting current sewage plants into biogas plants. When a biogas plant has extracted all the methane it can, the remains are sometimes better suitable as fertilizer than the original biomass. Alternatively biogas can be produced via advanced waste processing systems such as mechanical biological treatment. These systems recover the recyclable elements of household waste and process the biodegradable fraction in anaerobic digesters. Renewable natural gas is a biogas which has been upgraded to a quality similar to natural gas. By upgrading the quality to that of natural gas, it becomes possible to distribute the gas to the mass market via the existing gas grid.



3



SMALL SCALE ENERGY SOURCES:



There are many small scale energy sources that generally cannot be scaled up to industrial size. A short list is as below:
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 • • • •



4



Piezoelectric crystals generate a small voltage whenever they are mechanically deformed. Vibration from engines can stimulate piezoelectric crystals, as can the heels of shoes. Some wristwatches are already powered by kinetics, in this case movement of the arm. Thermoelectric generators produce energy from the heat difference between two objects. This is also used to power a type of wristwatch, as heat energy from the human body is radiated through the watch into the environment. Special antennae can collect energy from stray radio waves or theoretically even light (EM radiation).



HISTORICAL USAGE OF RENEWABLE ENERGY:



Throughout history, various forms of renewable and non-renewable energies have been employed. •



Wood was the earliest manipulated energy source in human history, being used as a thermal energy source through burning, and it is still important in this context today. Burning wood was important for both cooking and providing heat, enabling human presence in cold climates. Special types of wood cooking, food dehydration and smoke curing, also enabled human societies to safely store perishable foodstuffs through the year. Eventually, it was discovered that partial combustion in the relative absence of oxygen could produce charcoal, which provided a hotter and more compact and portable energy source. However, this was not a more efficient energy source, because it required a large input in wood to create the charcoal.



•



Animal power for vehicles and mechanical devices was originally produced through animal traction. Animals such as horses and oxen not only provided transportation but also powered mills. Animals are still extensively in use in many parts of the world for these purposes.



•



Human power for vehicles, mechanical devices and individual non-machineaided transportation has been employed throughout human history. Human beings placed in forced bondage or indentured servitude have been used for powering boats and powering construction machinery such as that used to build the Egyptian pyramids. Today, human power has largely been replaced by other sources of power to the degree that the average American accesses the same amount of power that otherwise would have required 50 slaves. One of the largest uses of human power today is bicycling, which remains the most energy-efficient means of transportation.



•



Water power eventually supplanted animal power for mills, wherever the power of falling water in rivers was exploitable. Water power through hydroelectricity continues to be the least expensive method of storing and generating dispatchable energy throughout the world. Historically as well as presently, hydroelectricity provides more renewable energy than any other renewable source.
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•



Animal oil, especially whale oil was long burned as oil for light.



•



Wind power has been used for several hundred years. It was originally used via large sail-blade windmills with slow-moving blades. These large mills usually either pumped water or powered small mills. Newer windmills featured smaller, faster-turning, more compact units with more blades. These were mostly used for pumping water from wells. Recent years have seen the rapid development of wind generation farms by mainstream power companies, using a new generation of large, high wind turbines with two or three immense and relatively slow-moving blades. Today, wind power is the fastest growing energy source in the world.



•



Solar power as a direct energy source has not been captured by mechanical systems until recent human history, but was captured as an energy source through architecture in certain societies for many centuries. Not until the twentieth century was direct solar input extensively explored via more carefully planned architecture (passive solar) or via heat capture in mechanical systems (active solar) or electrical conversion (photovoltaic). Increasingly today the sun is harnessed for heat and electricity.



•



Attempts to harness the power of ocean waves appear in drawings and patents back to the 19th century. Modern attempts to capture wave power began in the 1970's. There are several pilot plants generating power into the grid, and many new and curious designs are in various stages of development and testing.



RENEWABLE ENERGY IN THE WORLD TODAY:



Around 80% of energy requirements in western industrial societies are focused around heating or cooling buildings and powering the vehicles that ensure mobility (cars, trains, airplanes). However, most uses of renewable power focus on electricity generation. Some, such as geothermal heat pumps focus specifically on heating and cooling. Iceland is a world leader in renewable energy due to its abundant hydro and geothermal energy sources. Over 99% of the country's electricity is from renewable sources and most of its urban household heating is geothermal. Denmark was the initial leader in wind energy generation and remains the nation which produces the highest per capita levels of electricity production from wind. Germany began to build up its wind capacity in earnest from the mid 1990's with the application of generous subsidies and cheap loans and now has over one third of all the wind generation capacity in the world. Spain was also a latecomer to wind energy generation, but in 2002 overtook the US to become the nation with the second highest level of installed wind energy capacity. In 2004, 6% of U.S. energy comes from renewable sources.
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 Israel notably heats much of its household hot water through solar means and is developing new technologies for the generation of renewable energy from waste. These countries’ successes are at least partly based on their geographical advantages, though it is worth noting that Germany does not have particularly good wind resources (much worse for example than the UK, where policies have led to much less success) and other factors have thus played an important part in its commitment to wind and other renewables.
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ENERGY IN PAKISTAN:



Pakistan's population of nearly 135 million people occupies a land whose geography varies from the lofty mountains in the north to the famous deserts of Thar and includes the fertile plains of the river Indus and its tributaries. It is also the birthplace of the Indus Valley Civilization. Pakistan has a predominantly agricultural economy and is striving to develop and expand its industrial base.



The total energy consumption of Pakistan, as recently recorded in the year 2004 is shown in the chart above. The total primary energy consumption in Pakistan is currently estimated at around 60 million tons of oil equivalent (MTOE). Of this, two-thirds are met by commercial energy resources with about one-third being based on non-commercial energy resources like fire-wood, charcoal and cow-dung. The primary commercial consumption of 41.7 MTOE is largely based on the use of hydrocarbons. The primary commercial energy supplies are given in table below.



Source of Commercial Energy Gas Oil Coal Hydro



Primary Energy Supplies (%) 38.61 42.80 5.20 13.00
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 Nuclear and other



0.20



The energy overview of Pakistan is tabulated below.



Energy Overview Proven Oil Reserves (January 1, 2005E) Oil Production (2005E) Oil Consumption (2005E) Proven Natural Gas Reserves (January 1, 2005E) Natural Gas Production (2003E) Natural Gas Consumption (2003E) Recoverable Coal Reserves (2003E) Coal Production (2003E) Coal Consumption (2003E) Electricity Installed Capacity (2003E) Electricity Production (2003E) Electricity Consumption (2003E) Total Energy Consumption (2003E)



Total Per Capita Energy Consumption (2003E) Energy Intensity (2003E)



0.3 billion barrels 61.5 thousand barrels per day, of which 98% was crude oil 351.4 thousand barrels per day 26.8 trillion cubic feet 0.8 trillion cubic feet 840.5 billion cubic feet 3,362 million short tons 3.7 million short tons 5.4 million short tons 18 gigawatts 76.9 billion kilowatt hours 71.5 billion kilowatt hours 1.9 quadrillion BTUs, of which Natural Gas (44%), Oil (38%), Hydroelectricity (14%), Coal (6%), Nuclear (1%), Other Renewables (0%) 12.4 million BTUs 6,487.7 BTU per $2000



Pakistan, despite the enormous potential of its energy resources, remains energy deficient and has to rely heavily on imports to satisfy its needs. Pakistan obtains its energy requirements from a variety of traditional and commercial sources which are mentioned above. The sectoral consumption pattern is given below:



Sectoral Consumption Transport Power Industry Agricultural Domestic Other Govt.



47.2% 33.2% 12.9% 1.5% 3.0% 2.3%



The energy use is on the rise in Pakistan as the needs of the developing country are also increasing day by day with the progress. The energy generation and consumption forecast in Pakistan is shown in the chart below.
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 Today, the primary energy supplies are not enough to meet even the present demand. So, Pakistan, like other developing countries of the region, is facing a serious challenge of energy deficit. Renewable energy sources can play an important role in meeting this challenge. Renewable resources that are technologically viable and have prospects to be exploited commercially in Pakistan include: •



• • •



Solar Energy Wind Energy Micro Hydro Bio Energy. Pakistan can benefit from these as substitute energy in areas where sources



exist.
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RENEWABLE ENERGY IN PAKISTAN:



Renewable energy consumed in Pakistan in 1997 totalled 1,132 trillion BTU, a 1% increase from 1996. Hydroelectric power is an important domestic energy source, generating 28% of all electricity in the country, and a number of new sites are being developed. Although the mountainous north gives Pakistan much hydroelectric potential, difficulty of access and the high cost of transmission to the populous south make development of this potential a distant prospect. Nevertheless, the Pakistani government has started working on feasibility studies for the construction of more dams. Also the construction of one of the important dams, Diamer Basha Dam, has already commenced with feasibility reports of at least five small dams going on. The government hopes that, by harnessing solar power for energy in rural areas, it will reduce villages' reliance on firewood. Pakistan is still shifting to modern energy sources, with firewood, dung, and bagasse (the woody residue left over from crushed sugarcane) making up one-third of all energy consumed in Pakistan as recently as 1988. Although Pakistan is an ideal physical environment for solar
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 energy, many past projects have failed because systems needed maintenance after expert personnel had left. Studies are underway on how future solar projects can be sustained at a local level by Pakistani villages. Pakistan currently has two nuclear power plants, one near Karachi and the other at Chashma. The Karachi facility, which was built in 1965 with Canadian assistance, has demonstrated a poor operating record, which, in addition to concerns in the international community about Pakistan's possible use of nuclear material for weapons, has contributed to the lack of further development of the country's nuclear power sector. The Chashma Nuclear Power Plant was built with Chinese assistance and inaugurated in 2001. Pakistan is placing more emphasis on nuclear power to meet future energy needs and has begun talks with China over the development of a second facility at Chashma. The proposed growth of alternative energy in Pakistan, in graphical form is given on the following page.
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 PROPOSED GROWTH OF ALTERNATIVE RENEWABLE ENERGY IN PAKISTAN 8000
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 7.1



SOLAR ENERGY (PHOTOVOLTAIC):



Pakistan being in the sun-belt is ideally located to take advantage of solar energy technologies. This energy source is widely distributed and abundantly available in the country. The mean global irradiation falling on horizontal surface is about 200-250 watt per m2 in a day. This amounts to about 1500-3000 sun shine hours and 1.9 - 2.3 MWh per m2 in a year. Balochistan province is particularly rich in solar energy. It has an average daily global insolation of 19 to 20 MJ/m 2 a day with annual mean sunshine duration of 8 to 8.5 hours. These values are among the highest in the world. For daily global radiation up to 23 MJ/m2, 24 (80%) consecutive days are available in this area. Such conditions are ideal for Photovoltaic (PV) and other solar energy applications. During last fifteen years Pakistan has shown quite encouraging developments in photovoltaic. The National Institute of Silicon Technology (NIST) under the Ministry of Science and Technology has developed the know-how and technology to fabricate solar cells, modules, and systems. Photovoltaic technology is particularly suitable for small power requirements and remote area applications. In early 1980s eighteen PV stations in different parts of the country were set up for village electrification, with an installed capacity of nearly 440 kW. Because of lack of technical know-how and follow up, these systems have not performed as required. Now NIST has developed the know-how and technologies and basic infrastructure in the field. Currently solar technology is being used, in Pakistan, for stand alone rural telephone exchanges, repeater stations, highway emergency telephones, cathodic protection, refrigeration for vaccine and medicines in the hospitals etc. The Public Health Department has installed about 20 solar water pumps for drinking purposes in different parts of Balochistan. Both the private and public sectors are playing their roles in the popularisation and up-grading of photovoltaic activities in the country. A number of companies are not only involved in trading photovoltaic products and appliances but also manufacturing different components of PV systems. They are selling PV modules, batteries, regulators, invertors, as well as practical low power gadgets for load shedding such as photovoltaic lamps, battery chargers, garden lights etc. The provinces of Sindh, Balochistan and Thar are ideal for utilization of solar energy. In Balochistan 77% of the population is living in the rural areas. The population density is very thin. About 90% of the villages are yet to be electrified. These villages are separated by large distances with absolutely no approach roads. Transmission lines are very expensive in this area and there is no chance of grid connection in the near future. In remote area houses are mostly `kacha hut type'. Light is the only requirement for these houses. Most of the houses consist of one room only. The electric requirement for each house varies from 50 watt to 100 watt maximum. Extension of grid lines for such small power requirements is very uneconomical. Local power generation is a possible solution. In case diesel generators are used, transportation of fuel to such remote areas and maintenance is again a costly proposition. Solar energy is the only and best solution for these areas.
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 7.1.1



Solar Thermal Applications …



There are a large number of applications in which solar energy can be utilized directly by exploiting its heat characteristics. Such technologies are comparatively simple, relatively low cost and can easily be adopted. The applications include cooking, heating and cooling of buildings, generation of high temperature steam, heating water for domestic and industrial applications, and drying agricultural products under controlled temperature.



7.1.1.1 Solar Water Heaters: Solar water heating technology is quite mature and used in many countries of the world. But its use in Pakistan has been insignificant mainly because of its high price. A number of public sector organizations are actively working on the development of low cost solar water heaters that have now started gaining popularity particularly in the northern mountainous region. This is due to cold weather and limited and difficult supply of natural gas in these areas. With the increase in cost of supply from the utility, the use of solar water heaters is bound to increase. Recently the production and commercialisation of such heaters has already been started in the private sector.



7.1.1.2 Solar Cookers: A number of public sector organizations have worked in the past and are still working on the development of low cost and efficient designs of both box and concentrator type solar cookers. NGOs are also active in this field and have supplied a number of such cookers to the camps of Afghan refugees. The National Institute of Silicon Technology is routinely organizing training workshops on the use and maintenance of such devices.



7.1.1.3 Solar Dryers: This is an area that could use solar energy very effectively in drying the agriculture products under controlled atmosphere of solar dryers and a good quality products can be obtained at much less cost. Due to absence of logistics and basic infrastructure in the area, tons of fruit is wasted every year in the northern mountains such as Gilgit, Skardu etc. Solar dryers are now being used to dry such fruit and transport and sell these later in the urban market. NGOs are actively working in the area. Such dryers could be equally effective in Punjab and Sindh province to dry the agriculture products for better market value and generating local employment.



7.1.1.4 Solar Desalination: The unavailability of drinkable water in large parts of Balochistan, Sindh and southern Punjab is a critical issue. Underground water exists, but it is highly saline. Saline water is not only bad for washing and cleaning but also causes many diseases. Solar desalinated water is also free from bacteria which are killed during the process. Solar energy can very effectively and economically be used to convert this available saline water into potable water. The technology is simple, low cost and can easily be adopted by local people.
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 Two plants consisting of 240 stills each with a capacity to clean 6,000 gallons of sea water per day has been installed at Gawader. The experiment has been very successful and could bring a change in the life style of the local population in areas of scarcity of drinkable water. A number of such schemes are under active consideration by local governments in Balochistan and Thar. 7.2



BIOMASS:



It is an economical and friendly way of disposing of the municipal waste that is collected in large quantities every day in cities. Unfortunately no efforts have yet been made in this direction in Pakistan. 7.3



BIOGAS:



Pakistan, being agriculture based, breeds sufficient live stock to produce enough animal waste for the production of biogas. Currently all such animal waste is burned in dry form as a domestic source of energy, although it could be used for producing biogas on a community basis. There is good potential for using biogas as rural energy throughout the country through a network of community biogas plants. The Government of Pakistan started a comprehensive biogas scheme in 1974 and commissioned 4,137 biogas units by 1987 throughout the country. The units were designed to provide 3,000 and 5,000 cubic feet of biogas per day for cooking and lighting purposes. This programme was developed in three phases. During the first phase, 100 demonstration units were installed under grant by the Government. During the second phase, the cost of the biogas was shared between the beneficiaries and the Government. Later on for third phase, the government withdrew the financial support, although technical support continued to be provided free of cost. Unfortunately, after the withdrawal of the government financial support, the project did not progress any further. 7.4



HYDROPOWER:



The Northern part of the country is rich with hydro power resources. Other than 12 big (capacity greater than 1MW) hydro power plants, there are a large number of sites in the high terrain, where natural and manageable waterfalls are abundantly available. The population in these areas is isolated in thin clusters and is located far from physical infrastructure. Such remote population can get great benefit from such energy sources. The recoverable potential in micro-hydropower (MHP) up to 100 kW is roughly estimated to be 300 MW on perennial water falls in northern Pakistan. Besides, there is an immense potential for exploiting water falls in the canal network particularly in Punjab, where low head high discharge exists on many canals. The Pakistan Council for Appropriate Technology (PCAT) has installed on a cost sharing basis a total of 228 "run of river type" plants with total capacity of 3MW in the North Western Frontier region. The civil works including construction of power channel, power house, electric poles, and distribution network, are done by the beneficiaries themselves while the institute provides mechanical equipment as well as technical expertise and supervision. These plants not only provide electricity for light at night but are also used to run small industrial units such as flour mills for
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 wheat and maize thrashing, and cotton ginning during the day time when electricity is not required for lighting.
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 Given below are the figures showing the sites for the proposed dams for the generation of electricity and some other purposes, including provision of domestic water.
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 7.5



WIND ENERGY:



Wind is another source that could be utilized in the medium term in Pakistan. The only wind data available is with the meteorological directorate. This data was recorded at a low height of about 12 feet and is not enough to have a true picture regarding the availability of wind energy. So there is a strong need to have a systematic study of wind data at altitudes of 30 to 100 feet particularly in the most promising sites along the costal line and up the mountains. Average wind speed for some selected sites is not enough for wind power generation to be feasible, although the wind speed can still be utilized to run wind mills to pump water for the areas where it is available at short depths up to 100 feet. So far, wind turbines for power generation have not been installed in Pakistan. However about 30 wind mills for pumping water have been installed for experimental purposes in different parts of Sindh and Balochistan. The experiment suffered due to low quality mills and lack of proper infrastructure for maintenance. Currently a local manufacturer, Merin LTD, is fabricating windmills for water lifting. The company has sold these locally and abroad. Recently a proposal for a wind survey is being launched to provide authenticated data on wind speeds at different altitudes along the coast and mountains. The monthly wind mapping of Pakistan is shown in the following figure.
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INSTITUTIONAL STRUCTURE:



In Pakistan, all the Research and Development (R&D) work is carried out by public sector organizations. The bodies wholly or partly engaged in research in the field of renewable energy technologies and their applications are described in this section. 8.1



ALTERNATIVE ENERGY DEVELOPMENT BOARD – AEDB:



Pakistan, like other developing countries of the region, is facing a serious challenge of energy deficit. Renewable energy resources can play an important role in bridging this deficit. More importantly, renewable energy can take electricity to remote rural areas, where it is needed the most. Realizing the importance of renewable energy, the Government of Pakistan created the Alternative Energy Development Board (AEDB) in May 2003 to act as the central national body on the subject of Renewable Energy. Air Marshal (Retd) Shahid Hamid was appointed as the Chairman of the Board. The main objective of the Board is to facilitate, promote and encourage development of Renewable Energy in Pakistan with a mission to introduce Alternative/Renewable Energy at an accelerated rate to achieve 10% share of renewable energy in the energy mix of the country. The current initiate is directed towards creating a market-based environment that is conducive to private sector investment and participation. One of the mandates of the Board is also to play a pivotal role in establishing international linkages and engaging in the transfer of the state of the art know how on renewable energy technologies to local research institutions and industries in Pakistan.
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 8.1.1



Composition of the Board …



Composition of the Board Chairman Secretary, Finance Division or his nominee not below the rank of Additional Secretary or equivalent Secretary, Ministry of Water and Power or his nominee not below the rank of Additional Secretary or equivalent Secretary, Planning and Development Division or his nominee not below the rank of Additional Secretary or equivalent Secretary, Ministry of Petroleum and Natural Resources or his nominee not below the rank of Additional Secretary or equivalent Secretary, Ministry of Science and Technology or his nominee not below the rank of Additional Secretary or equivalent Secretary, Ministry of Environment or his nominee not below the rank of Additional Secretary or equivalent Additional Secretary, Cabinet Division Six Members from Private Sector including two full time Technical Members who are experts on Alternative Energy to be nominated by the Board with the approval of the Prime Minister



8.1.2



Firm Targets …



The requirement of firm targets, by the government, helps to create a decent size of market to attract national and international investors and manufacturers. o o o o 8.1.3



Alternative/Renewable Energy Resources will be developed at such a pace so as to achieve 10% share in primary commercial energy supply by the year 2015. 2% of investment made in power sector should be dedicated to development of Alternative/Renewable Energy Technologies Base in Pakistan. All localities not planned/anticipated to be connected with national grid in next 20 years are to be earmarked for Alternative/Renewable Energy resources. All solar/wind energy related technologies would be indigenised in next decade through national/international collaboration. Projects …



The projects under the Alternative Energy Development Board include the following: Solar Cells Manufacturing (Solar Homes). Solar Water Geysers/Cookers. Solar Thermal Power Generation. Solar Stilling Engines. Wind Turbines. Biogas/Bio Diesel. Fuel Cells. o Micro Hydro. o o o o o o o
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 8.1.4



Products …



Solar Concentrating Cooker



Solar Thermal Power Plant



Solar Community Water Heating System



Solar Light Park Gilgit



Stirling Engine



Solar Box Cooker



. Solar Heated Hospital Gomal, Skardu



8.1.5



Wind Turbine



Alternative Energy Development Plan …



The Alternative Energy Development Board has devised a plan for the development of alternative energy sources to meet the rising needs of our developing country. The chairman of Pakistan’s Alternative Energy Development Board, Air Marshal (Retd) Shahid Hamid, told a press conference in Quetta on October 13 that his organization is developing alternative sources of energy and has initiated a number of schemes in this connection.
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 “Our plan is to generate energy from the sun, wind and other sources equal to the total installed generation capacity of the country by 2015 as the current sources of energy including oil and gas are rapidly depleting,” Air Marshal (Retd) Shahid Hamid said. A mosque in Alipur Farash, a village nestling in the undulating countryside on the outskirts of Islamabad, had already been fitted with solar panels in a test run before at least 100 homes in the community were provided with the same equipment. “This is just the beginning. We plan to provide 1,000 homes in each province with electricity through solar energy. And this is all on a self-help basis: this is all being done through donations from the private sector,” Air Marshal (Retd) Shahid Hamid said. The AEDB plans to match the current electricity output with ‘clean’ energy. There is a project by Asian Development Bank – ‘Capacity Building for Alternative Energy Development Board’, approved on 17 December 2004. The objective of the Project is to strengthen the institutional capacity and technical capability of AEDB to facilitate and coordinate the GOP’s efforts to make Renewable Energy 10% of the energy mix by 2015. The Alternative Energy Development Plan has been divided into three terms given below: 8.1.5.1 Short Term Plan (2005 ~ 2010):



Remote Solar/Wind/Micro Hydro Lit Homes Government Investment Needed Target Homes Per Cumulative Total Cost Total Homes Total Homes (@ Rs 30,000/House) Province/NA Per Total Per Month Per Year (Rs) Month (M Rs) 2005-06 50 250 3000 90 M 90 2006-07 100 500 6000 180 M 270 2007-08 200 1000 12000 360 M 630 2008-09 250 1250 15000 450 M 1080 2009-10 300 1500 18000 540 M 1620 NOTE: WAPDA has annual village electrification plan worth Rs 500 million/year Year



8.1.5.2 Medium Term Plan (2011 ~ 2020):  



1000 villages per year i.e. approx. 54,000 homes per year after year 2010. 54 MW solar PV panels in next ten years.



8.1.5.3 Long Term Plan (2020 Onwards):







Electrify almost balance of 40,000 villages that are with out electricity.
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 8.2



NATIONAL INSTITUTE OF SILICON TECHNOLOGY – NIST:



NIST is established under the administrative control of the Ministry of Science and Technology and is devoted to research, development and popularisation of solar energy in general and PV in particular in the country. The Institute is mainly concentrating on the complete spectrum of mono crystalline silicon solar cell technologies. It has facilities to grow silicon single crystals, saw ingots into wafers, process wafers to fabricate solar cells, laminate Photovoltaic modules and do all different types of test and measurement of cells, modules and systems. Current research is focused on the development of low cost processes by using comparatively cheaper and indigenously available materials. NIST has also developed systems such as solar lanterns, street and garden solar lights; cells and battery chargers, light home systems etc. The institute is also working actively on the development of low cost and efficient solar thermal appliances such as solar water heaters, solar cookers, solar dryers, solar desalination plants etc. This provides an opportunity to see a large number of different but closely related solar technologies at one place. The institute has earned an international reputation and has developed linkages with a number of international organisations. The institute is also acting as Headquarters of the Inter Islamic Network on Renewable Energy Source - one of the many networks of the Organization of Islamic Conference (OIC) Standing Committee on Scientific and Technological Co-operation (COMSTECH). 8.3



SOLAR ENERGY RESEARCH CENTRE:



Solar Energy Research Centre, Hyderabad, is a part of the Pakistan Council of Scientific and Industrial Research under the Ministry of Science and Technology. Its research and development programme aims to utilize adoptive and adaptive methodology to exploit solar energy sources. The special fields of interest include solar thermal applications including power generation, solar desalination, solar airconditioning and heating. 8.4



PAKISTAN COUNCIL OF APPROPRIATE TECHNOLOGY – PCAT:



The council has been established in Islamabad with the main objectives of promoting appropriate technologies in the country. Major areas in which PCAT has been involved pertain to food, energy, health and habitation including potable water, sanitation, and small-scale income-generating trades. PCAT has worked in the field of renewable energy i.e., installation of mini hydropower plants, biogas plants, solar cookers, harnessing wind energy for water lifting and energy efficient cooking stoves. 8.5



UNIVERSITIES:



A number of university departments are also actively doing research in the field of solar thermal technologies. Electrical and Mechanical Engineering College of National University of Sciences and Technology is active in solar thermal power generation, solar thermal power generation device (sterling engine), and space heating/cooling. The Institute of Environmental Studies of the Ghulam Ishaq Khan (GIK) Institute of Engineering Sciences and Technology are involved in solar thermal device testing, and the Mechanical Engineering Department of the University of Engineering and Technology, Lahore, in solar radiation and other solar thermal activities. 8.6



OTHER INSTITUTES:
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 Some other governmental institutes have also been established to perform research and development work in renewable energy technologies. These organisations are:



   



9



Renewable Energy Center, WAPDA House, Lahore. Fuel Research Center, PCSIR, Karachi. Hydrocarbon Development Institute of Pakistan, 230 Nazimuddin Road, F 7/4, Islamabad. Solar Energy Center, PCSIR, Hyderabad.



RENEWABLE ENERGY PROJECTS IN PAKISTAN:



Sixteen project proposals are given in the table below along with their brief descriptions. National Institute of Silicon Technology served as the national focal point for the development of the projects and preparation for Pakistan participation in the World Solar Summit. Twelve projects from serial No. 1 to 16 in the table below are on the UNESCO list of National High Priority Projects. No. Project Title 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16



Energy self sufficient model house Rural area electrification Solar desalination pilot project Community solar dryers for drying grains, fruits and vegetables Photovoltaic telecommunication system Solar hydrogen production pilot project Integrated renewable energy community project Installation of a 1MW solar thermal power plant in desert area of Pakistan Biogas Plants for meeting domestic fuel and fertilizer needs of rural areas Improvement and dissemination of 100 improved micro hydropower plants (MHP) in NWFP, FATA, Northern areas of the country. Biomass utilization at community level. Dissemination of 100 wind turbines for water pumping and power generation in the Southern and Coastal Areas. Potable water supply system in remote areas by photovoltaic pumping. Installation of solar garden lights at public places. Installation of solar street lights. Training courses on solar thermal and photovoltaic applications for general public awareness.



Period (years) 05 05 06 06



Cost (US $ million) 0.27 10.00 5.00 2.00



04 05 04 1.5



5.00 46.00 23.00 5.00



04



5.00



04



5.00



04 05



5.00 10.00



03



1.00



02 02 02



0.30 0.80 0.02



In spite of the fact that recognition of the importance of these energy technologies exists in government circles, the country is not in a position financially to provide grants for these activities. So the support of international funding agencies is essential at this stage to help promote wider use of these technologies in the country by sponsoring the above projects. These projects, if implemented, will not only generate the market to boost the industrial and commercial activities, but also act as centres for education, training and dissemination of technology. The brief description of these projects is given below:
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 9.1



ENERGY SELF-SUFFICIENT MODEL HOUSE:



The proposed project aims to construct 5 self-sufficient energy houses, which demonstrate in practical form the viability of solar energy in our daily life. Each house will meet all its energy requirements from the sun. Such a demonstration project will encourage the general public to opt for clean energy. Experience shows that the general public (end users) are always reluctant to accept new technology until and unless it is demonstrated to them practically. The houses will also be used as training centres. 9.2



RURAL AREA ELECTRIFICATION:



Many far-flung areas in Pakistan lack even the basic amenity of life such as light after sunset. The extension of the main grid line to such remote locations is not economic. Photovoltaic is an attractive option. This project aims to enhance the standard of living of the deprived remote areas, by providing light through solar lanterns and solar light home systems; by setting-up PV stations locally. The Project will electrify 20 villages. It will also demonstrate the viability of PV for rural electrification in the country. 9.3



SOLAR DESALINATION PILOT PROJECT:



The project aims to install 10 desalination plants to provide potable drinking water to inhabitants of remote villages with brackish underground water and no fresh surface water. These plants will use solar energy only which is abundant with no adverse environmental effect. Each plant will have 150 m2 of solar stills and provide clean water to 900-1000 persons. 9.4



COMMUNITY SOLAR DRYERS FOR DRYING GRAINS, FRUITS AND VEGETABLES:



Solar dryers will save food grains, fruits and vegetables (presently wasted during storage) and will help to reduce the food shortage in the country. It will not only improve product quality but also bring better returns to the growers. The project aims to install 20 solar drying plants in different parts of the country. Each plant will dry 1-2 tons of agricultural produce daily. 9.5



PV TELECOMMUNICATION SYSTEM:



The use of photovoltaic systems to meet remote telecommunication needs is one of the maturest applications of this technology worldwide. It has however to be popularised and made attractive to the consumer in Pakistan, for its wide adoption. The aim of this project is to demonstrate the effectiveness of this photovoltaic application in replacing diesel power generation. It is hoped that such a market expansion will bring price reduction and improvement in photovoltaic technology in Pakistan. 9.6



SOLAR HYDROGEN PRODUCTION PILOT PROJECT:



For effective use of renewable energy sources, like photovoltaic, hydrogen can be used as an intermediate energy carrier. The project aims to provide the basic amenities of life to a remote coastal community, by splitting water, through hydrolysis, into oxygen & hydrogen, by using electricity from photovoltaic panels.
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 Hydrogen will serve as cooking fuel. The electricity will be provided through PV and the solar desalination facility will provide water for drinking & for the electrolysers. It will demonstrate the viability of solar-hydrogen application for remote areas in Pakistan. 9.7



INTEGRATED RENEWABLE ENERGY COMMUNITY PROJECT:



Pakistan, being an agricultural country, has ample opportunity to utilize the abundantly available solar and other renewable energy sources, including animal waste, to meet the basic energy needs of the rural population. The project aims to achieve this objective through setting-up an integrated energy project incorporating photovoltaic for lighting, solar desalination for potable water, biogas for quality cooking fuel and solar dryers to improve the quality & shelf life of the agricultural products. This will not only help the remote area population but the feed-back would be utilized in setting-up many more systems in the country. 9.8



INSTALLATION OF 1 MW SOLAR THERMAL POWER PLANT IN DESERT AREA OF PAKISTAN:



The proposal envisages installation of a solar thermal power plant of 1MW in the desert area of Pakistan. In a solar thermal power plant, the energy is harvested by the collectors and the power rating of the plant is directly proportional to the effective collector surface area. Point focusing thermal solar power plant would be used for this project. The electricity would be generated and supplemented by an auxiliary fuel (furnace oil) to satisfy requirements in the night. 9.9



BIOGAS PLANTS FOR MEETING DOMESTIC FUEL AND FERTILIZER NEEDS OF RURAL AREAS:



Under this programme 6000 biogas plants will be installed. They will meet domestic energy requirements through recycling of agro/organic residues, thus saving fossil fuel, reducing dependence on conventional fuels, reducing health problems and saving family time otherwise used for fuel wood collection. The life style of rural people will also be improved by providing a clean and environment friendly fuel for domestic cooking purposes. 9.10



IMPROVEMENT AND DISSEMINATION OF 100 IMPROVED MICRO HYDROPOWER PLANTS (MHP) IN NWFP, FATA, NOTHERN AREAS OF THE COUNTRY:



100 MHP plants will be installed to provide electricity to 100 villages comprising, in total 10,000 houses/dwellings, besides providing mechanical power for establishing and running cottage industries. It would create employment opportunities at the local level to improve the quality of life. It will promote the use of locally produced equipment for power generation leading to self-reliance and improvement of the technical capabilities of rural people. 9.11



BIOMASS UTILIZATION AT COMMUNITY LEVEL:



This project is to introduce biomass/fuel wood energy technologies for use at domestic level by subsidizing them. It will promote the use of environment friendly technologies and conventional fuels resulting is safer environment, reducing health problems and save family time otherwise used for fuel wood collection, for earning additional income.
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 9.12



DISSEMINATION OF 100 WIND TURBINES FOR WATER PUMPING AND POWER GENERATION IN THE SOUTHERN AND COASTAL AREAS:



Under this programme 100 Wind Turbines for Water Pumping and Power Generation will be installed in the Southern and Coastal Areas of the country. This will alleviate the water problems of inhabitants of coastal and desert areas. It will not only help permanent settlement of the local population, but also promote agricultural activities for growing vegetable and fodder for dairy animals. This project will eradicate poverty and hardships of local communities by improving quality of life. 9.13



POTABLE WATER SUPPLY PHOTOVOLTAIC PUMPING:



SYSTEM



IN



REMOTE



AREAS



BY



The project aims to install 100 solar water-pumping units to provide potable drinking water to inhabitants of remote village communities. Each unit has a capacity of 6000 litres of water daily for meeting human and cattle needs of a 100 household community. After the government/funding agency has installed and run the water supply system successfully, the investment may be recovered from the people at a very nominal rate per family member/domestic cattle. 9.14



INSTALLATION OF SOLAR GARDEN LIGHTS AT PUBLIC PLACES:



Under this programme about 800-1000 garden lights will be installed at public places such as park, playground etc. The lights will work on direct current at low voltages which will be charged by solar panels during the day and will be utilized at night. It will create public awareness to help spread renewable/solar energy applications in the country. 9.15



INSTALLATION OF SOLAR STREET LIGHTS:



Considering the unreliable supply of electricity through conventional energy sources in Pakistan, renewable energy sources such as photovoltaic may be an attractive alternate option to light the streets. Under this programme about 400-500 solar street lights will be installed on busy streets. It will provide free power to the streets, enhance security of personnel/traffic and will definitely help boost PV marketing in the area. 9.16



TRAINING COURSES ON SOLAR THERMAL AND PHOTOVOLTAIC APPLICATION:



Training courses on photovoltaic technologies and solar thermal applications will be held in different cities of the country to familiarize the general public with these sources of energy. The courses will consist of lectures, practical demonstrations, hands on training, operations & maintenance of PV systems, their components and solar thermal appliances such as solar cookers, solar dryers, solar water heaters, etc.
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POLICY, PLANNING AND STRATEGY:



Renewable energy technologies in Pakistan have not been exploited on a large scale for a number of reasons such as, fear of the high cost of renewable energy technologies, lack of motivation and incentives, inadequate demonstration of effective use of the technologies, etc.
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 Recently there has been an awakening among government circles to the need to use renewable energy technologies to save the environment and improve the socio-economic conditions of the peoples living in the remote areas. For this reason renewable energy has been listed as a high priority area in the 9th Five Year Plan. However there is a need to take certain practical measures in this respect. In the field of renewable energy technologies, reasonable infrastructure and know how, at the R&D and limited production levels, already exists in this country. However, for its promotion, there is a need to take certain drastic measures to provide incentives and funds for its practical demonstration; to convince the people; educate the masses and develop pilot scale activities. These measures are necessary to give a foothold to industrial and commercial ventures in these technologies of 21st century. Some highly recommended measures are as follows:



• • • • • • •



Formulate long term strategies to include, progressively, the renewable energy technologies in the national energy policy; Provide adequate funds for R&D and for transforming laboratory products into commercial products; Motivate entrepreneurs through policy initiatives such as tax holidays, reduction/exemption from duties and taxes; Provide soft loans/subsidies to the end users; Motivate through mass media, exhibition, field demonstration, education and training; Encourage installation of solar lights and other appliances on public buildings, parks, streets etc; Provide funds for renewable energy demonstration community projects.



Efforts are ongoing, and have been for a few years now for alternative energy development. However, there are only small scale projects, running either as a test or a research. While they are to be applauded as most of these small scale projects are being done by individuals and NGO’s, the government needs to aim higher. Which they are, but again instead of wholly depending on foreign investment and NGO’s, it would be more effective if they also whole heartedly jumped into this.



********************
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