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Introduction

A prime objective of the article is to identify commercially available technologies that independently or in conjunction with other renewable energy generation processes can be implemented in rural environment. Importance of energy and modern science to understanding life was discussed in my previous articles *(1). The digital age TIR (third industrial revolution) is taking shape in India. Incomes are rising and poverty is declining in rural India. The proliferation of cell phones to 630,000+ rural communities is on rise; number of cell phones in India is about 73% from only 7 per cent in 2004 and globally India ranks second in use of mobile phones. Cell phone density in rural India has increased from 2 to 40%* (2).  Rural India is the place for economic growth opportunities and for spread of distributed renewable energy suppliers. 

Renewable energy (solar, wind, tidal, geothermal) is universally available at no cost to all nations – developed or not – to help build the distributed energy supplies. The capital costs for harnessing renewable energy are rapidly coming down making the set up of digitally controlled renewable micro power supplies affordable*(3). For harnessing of the distributed renewable energy suitable technologies include micro power plants that require modest capital investments; it eliminates installing massive power grids used with multi-million MW power plants. Relative to capital requirements of the grid power for which only governments or large banks can provide money the capital requirements of the micro power plants are manageable. As productivity improves with new digital technologies the consumer product prices for the devices used in micro power plants fall every year. 

Indian rural low income families require affordable energy generation technologies that require minimal maintenance. Digitally controlled micro power is ideal for such applications. Although renewable energy supply is free, harnessing it requires capital for state-of-the-art technologies. Same is true of technologies for harnessing power from flowing water. Flowing river water is free in remote mountainous and hilly areas but to harness energy of rapids require capital to build dams and create controlled water falls where generators are located to convert gravitational energy associated with falling water to power. To transport power to consumers the capital intensive grids are required. 

Most solar micro power plants use electronic semiconductor devices - smart microgrids, PVC (photovoltaic cells), etc. Wind power generators also use similar digital technologies.  The affordable new technologies for storage of renewable energy and assured supply of power on demand include electrolysers for hydrogen generation and fuel cells. 
The state-of-the-art electronic technologies for harnessing renewable energy are now available to set up micro power plants to meet the power needs of a village that contains 200 families with an average of 5 members. Micro power plants of about 25 kW to MW capacities are needed to meet power needs of one or a cluster of villages. Grid power, if available, costs about 5 to 7 rupees per unit (kWh) but frequent blackout of national power grids makes it unreliable electric supply. In some rural areas villagers are willing to pay 20+ rupees per unit of power. Sensing a potential mass market the venture capitalists are investing in the micro power provider businesses and many such ventures are offering power for about 20 rupees per unit to rural customers with a prepaid card. 

References and notes provide limited information on globally falling prices of rooftop solar installations.  Three examples of new companies are Gram Power (Rajasthan) and two OMC - Omnigrid Micropower Company Private Limited, Maharashtra and Omnigrid Micropower Company - a RESCO company, UP. These new small scale renewable energy industries are busy setting up energy efficient Smart Microgrids in remote areas to provide on-demand, reliable electricity to telecom towers and rural households. A prepaid purchase model is used for charging consumers. Bangalore is one of the cities with several companies developing micro power technologies* (4).  
This article also offers a brief theoretical background for harnessing solar energy and identifies limited number of renewable energy technologies suitable for rural electrification. Presumably, this introduction may motivate interested readers to search for additional better products for harvesting distributed energy.
Theoretical Background

Principles of Electrolyser technology

Electrolyser technology is for hydrogen generation. Electrolytic splitting of water into its two components - hydrogen and oxygen – is an endothermic reaction (energy consuming). Recombining hydrogen and oxygen in electrolytic cell is exothermic reaction (energy releasing). In fuel cells, the endothermic and exothermic reactions proceed in tandem. Only one half of the water consumed in the endothermic reaction is consumed in exothermic reaction and hydrogen from other half of water is released. This hydrogen is the stored renewable energy.
The reactions at the electrodes are as follows:

Anode reaction: 2H2 → 4H+ + 4e-
Cathode reaction: O2 + 4H+ + 4e- → 2H2O
Overall cell reaction: 2H2 + O2 → 2H2O
These reactions can operate under mild temperatures and pressures from a few to 50+ bars for a stable and compact source of hydrogen. When employed in a fuel cell that hydrogen produces electricity, recovering half of the water previously consumed.
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	The diagrams are from a review* (5):
Figure 1. (a) Photoelectrochemical cells with single bandgap and (b) dual bandgap absorber (tandem). Blue and red light are absorbed by the large bandgap (front) and small bandgap semiconductors (back), respectively. 
Eg, bandgap energy; TCO, transparent conductive oxide.
Note: PVC (Photovoltaic cells are Photoelectrochemical cells or solar cells).



Introduction to Photovoltaic Cells (PVC)

Gil Knier* (6) offered the following explanation:
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	The diagram illustrates the operation of a basic photovoltaic cell, also called a solar cell.


Solar cells are made of the same kinds of semiconductor materials, such as silicon, used in the microelectronics industry. For solar cells, a thin semiconductor wafer is specially treated to form an electric field, positive on one side and negative on the other. When light energy strikes the solar cell, electrons are knocked loose from the atoms in the semiconductor material. If electrical conductors are attached to the positive and negative sides, forming an electrical circuit, the electrons can be captured in the form of an electric current -- that is, electricity. This electricity can then be used to power a load, such as a light or a tool. 
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	A number of solar cells electrically connected to each other and mounted in a support structure or frame is called a photovoltaic module. Modules are designed to supply electricity at a certain voltage, such as a common 12 volts system. The current produced is directly dependent on how much light strikes the module.

Multiple modules can be wired together to form an array; in general, the larger the area of a module or array, the more electricity that will be produced. 

Photovoltaic modules and arrays produce direct-current (dc) electricity. They can be connected in both series and parallel electrical arrangements to produce any required voltage and current combination. 


[image: image1.emf]Today's most common PV devices use a single junction, or interface, to create an electric field within a semiconductor such as a PV cell. In a single-junction PV cell, only photons whose energy is equal to or greater than the band gap of the cell material can free an electron for an electric circuit. In other words, the photovoltaic response of single-junction cells is limited to the portion of the sun's spectrum whose energy is above the band gap of the absorbing material, and lower-energy photons are not used.  
One way to get around this limitation is to use two (or more) different cells, with more than one band gap and more than one junction, to generate a voltage. These are referred to as "multijunction" cells (also called "cascade" or "tandem" cells). Multijunction devices can achieve higher total conversion efficiency because they can convert more of the energy spectrum of light to electricity.
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As shown, a multijunction device is a stack of individual single-junction cells in descending order of band gap (Eg). The top cell captures the high-energy photons and passes the rest of the photons on to be absorbed by lower-band-gap cells. 

Much of today's research in multijunction cells focuses                                       on      gallium arsenide as one (or all) of the component      cells. Such cells have reached efficiencies of around 35% under concentrated sunlight. Other materials studied for multijunction devices have been amorphous silicon and copper indium diselenide.

As an example, the multijunction device in above diagram uses a top cell of gallium indium phosphide, "a tunnel junction," to aid the flow of electrons between the cells, and a bottom cell of gallium arsenide. 
NASA scientists have identified “The Edge of Sunshine,” and answers to “how far away from our star can photovoltaic’s work?” See, Â; Back to the Science @NASA story "The Edge of Sunshine"* (6) 

Products for Energy Storage and Transportation
· 40V 4AH Lithium Ion Rechargeable Battery 
Rechargeable long life batteries are useful for storage of renewable energy. An example is given below:
	



GreenWorks: 40V 4AH Lithium Ion Rechargeable Battery Sold by: globalindustrial.com
US Price: $131.00
	Features:

1. Up to 3x longer run time than equivalent NiCad battery 
2. Maintains consistent power throughout entire cycle 
3. Charge anytime, no negative memory effect 
4. Longer cycle life: up to 2000 cycles 
5. Battery charge level indicators 
6. Light indicators for easy check of power level

BRAND:                  Green Works™

DESCRIPTION;      Battery

VOLTAGE:              40

TYPE:                     Lithium Ion

PART NUMBER:     29282

AMP HOUR:            4



· Hydrogen Enriched LNG and biogas
Hydrogen enriched LNG is a fuel blend for power generators. Solar fuel cells and electrolysers generate hydrogen. Hydrogen is stored renewable energy.  Hydrogen enriched LNG serves as a transport for stored solar and wind power for micropower generators. 

Sugarcane and animal waste can be used as feed to generate biogas, which is essentially natural gas. LNG is natural gas under pressure (2+ bars). Sugar factories generate sugar free sugarcane waste that is amenable for generating biogas. Biogas plants can be set up in rural communities near sugar factories as well as at places where abundant animal waste is available. Mixing biogas with hydrogen from renewable energy sources produces hydrogen enriched biogas suitable for use with power generators. 

Another source of hydrogen transport material is LNG from gas fields and shale gas. LNG is in short supply in India. The hydrogen enriched natural gas (commercially sourced LNG or biogas) will then be used to improve efficiency of renewable energy to electricity conversion cycles by up to 300%. Currently globally LNG contributes 20% of energy. By 2040 it will account for 40% as new fields start producing with the use of hydraulic fracturing and horizontal drilling*(7).
India is seeking LNG suppliers and the US potentially can be an LNG supplier to India. Shell gas in US and other locations is a major source of LNG. Pipelines and tankers are used for transportation of natural gas and LNG from its production facility to consumers.
· LNG imports from Qatar

For 2006 – 10 about 85% of LNG imports to India were from Qatar. With downloading on August 19, 2013 of first vessel carrying natural gas from Qatar to berths at Petronet LNG terminal in Kochi, Kerala became the latest Indian port to receive imported LNG. LNG spot prices into India are around $14.50 per mmBtu. Kochi terminal is fourth for LNG imports; other ports include one in Maharashtra and two in Gujarat. Besides the Kochi plant, Petronet operates 10 million tones per annum terminal at Dahej in Gujarat, which it plans to expand to 15 million by 2016. It is also constructing a facility in Andhra Pradesh.
To increase LNG imports India has started increasing domestic price. Recently (Aug 2013) India nearly doubled the price from around $4.20 per million British thermal units (mmBtu) to a pricing formula that will bring prices to around $8.40 per mmBtu from April 1, 2014. Indian gas demand is expected to soar in the coming decade, driven by growing energy demand. India imported 15.17 million tones of LNG in 2012, which is expected to rise to 50 million tones by 2020.
· Potential LNG Imports from US 
Gitesh Desai* (8) opined that the US should allow LNG exports to India citing improved US and India energy friendship pact of 2008, rising energy demands in India to sustain its economic growth, environmental issues of carbon pollution and a business opportunity to cash in on surplus natural gas associated with exploitation of shale gas. I agree with Mr Desai. I believe it will happen in near future (a couple of years).
Another avenue for India to consider is industrially well established high pressure electrolyser technology to store renewable energy as hydrogen in Fuel Cells or for enriching LNG fuel to improve productivity of electricity production using LNG fuel operated generators. Fuel cells and hydrogen enriched natural gas/LNG are well suited for distributed energy production at places in rural communities where assured supply of grid power is not available. 
India needs to implement the distributed energy production model to offer assured supply of locally produced energy using hydrogen enriched natural gas or LNG fuel operated electricity generators. India can and should invest in storage of renewable energy (Solar, Wind and Tidal) as compressed hydrogen gas and fuel cell technology based on high pressure electrolyses of water. Fuel Cells are essentially modified high pressure water electrolysers that produce hydrogen on demand. 

LNG Enriched with hydrogen gas improves calorific value of fuel used in LNG operated electricity generators for night and during blackout periods. Experts estimated that with hydrogen enriched LNG fuel the electricity production can be extended by 3 to 5 hours per night.
Technologies for Distributed Energy Processes 
Low-cost energy storage has the potential to foster widespread use of renewable energy, such as solar and wind power. To date, such energy sources have been unreliable: Winds can be capricious, and cloudless days are never guaranteed. With cheap energy-storage technologies, renewable energy might be stored and then distributed via the electric grid at times of peak power demand. 

Energy storage is the key enabling technology for renewable energy. Some experts claim, until you can make [energy storage] reliable and affordable, it doesn’t matter how cheap and efficient you can make wind and solar, because our grid can’t handle the intermittency of those renewable technologies
1. Micro Plant for Hydrogen Generation Using Solar Energy

For emerging nations that need distributed energy production Honda has unveiled a breakthrough* (9). Using Solar and grid power, the Honda system is capable of producing 1.5kg of hydrogen within 24 hours. Honda aims to further develop the system to offer clean energy sources for the home in the future.
2. MW PEM fuel cell
For industrial customers Belgium Chemical company Solvay at Nedstack has unveiled 1 MW PEM fuel cell (Feb 6, 2012)* (10). 

3. Hydrogen-Powered Fuel Cell Technology
Air Products’ is currently fueling hydrogen-to-fuel material handling fuel cell units at WinCo Foods LLC’s located at 800,000-square-foot grocery distribution center in Modesto, CA* (11). It is currently fueling 33 material handling units, with 49 more pieces of equipment to be added in April. When the facility conversion to hydrogen-powered fuel cell lifts is complete in 2013, 184 units will be running at the facility. The WinCo material handling units being fueled by Air Products include Plug Power’s GenDrive hydrogen fuel cell power units.
4. ElectroSelf Rechargeable 1.5 kW to 12 kW Fuel Cells

Smartphones and notebooks may be powered by a fuel cell rather than by a rechargeable battery. With a fuel cell, a full recharge is as easy as filling the tank back up. 
The ElectroSelf systems are designed to support mobile networks in any location be it off-grid or in locations with unreliable power*(12). The system is self-contained and self-recharging. The only fuel the device needs is water and it produces no gas emissions. The device can be used as backup power or as mains power. 

Power output ranges from 1.5 kW to 12 kW, depending on the model, and electrolyser power rating is 5.5 kW.

	


	Each of the ElectroSelf devices has two units measuring 600 x 800mm and needing no dedicated air conditioning. Power is produced when needed by combining hydrogen and oxygen with the only by product produced being water. The hydrogen fuel is produced by electrolysis of wastewater created from the power generation phase automatically when there is power. 


5. Membrane-less Fuel Cells

A membrane-less fuel cell may enable cheaper, large-scale renewable energy storage (Hindu, August 22, 2013)*(13). MIT researchers have engineered a new rechargeable flow battery that doesn't rely on expensive membranes to generate and store electricity. The device, they say, may one day enable cheaper, large-scale energy storage. 

The palm-sized prototype generates three times as much power per square centimeter as other membraneless systems - a power density that is an order of magnitude higher than that of many lithium-ion batteries and other commercial and experimental energy-storage systems.

Membraneless Fuel Cells convert stored chemical energy into electrical energy without the use of a conducting membrane as with other types of fuel cells. In Laminar Flow Fuel Cells (LFFC) this is achieved by exploiting the phenomenon of non-mixing laminar flows where the interface between the two flows works as a proton/ion conductor. The interface allows for high diffusivity and eliminates the need for costly membranes. The operating principles of these cells mean that they can only be built to millimeter-scale sizes. The lack of a membrane means they are cheaper but the size limits their use to portable applications which require small amounts of power.
The efficiency of these cells is generally much higher than modern electricity producing sources. For example, a fossil fuel power plant system can achieve 40% electrical conversion efficiency while a nuclear power plant is slightly lower at 32%. Fuel cell systems are capable of reaching efficiencies in the range of 55%–70%. However, as with any process, fuel cells also experience inherent losses due to their design and manufacturing processes.
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