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Abstract— Energy is the backbone of development and growth. While the demand for energy is increasing the world over, its 

production from conventional sources is detrimental to mitigating climate change. Shifting to renewable energy and its 

efficient use offers great opportunity for innovation. There is an urgent need to anticipate change and start implementing 

technologies relevant in the future. In this background, we focus on off-grid production of renewable energy and its smart 

distribution and utilization through smart grids. Student driven innovation in these areas is discussed in its myriad aspects. 
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I. INTRODUCTION 

Climate change is the defining challenge of our age. Every crisis, Sigmund Freud said, is potentially a stimulus to the positive 

side of the personality - it is an opportunity to start afresh. Energy is the backbone of development and growth. The demand 

for energy is increasing by leaps and bounds and poses a great challenge to humanity today. While production of energy 

remains a challenge, its methodology, raises the important question of sustainability. Developing nations face major challenge 

in this sphere because their main goal is poverty alleviation, which can only be met through economic development. This can 

only be achieved when there is enough energy for all. The problem arises because energy in such nations comes from 

conventional sources (i.e. fossil fuel). The focus has to shift from fossil based fuel economy to renewable energy. This brings 

to the fore a host of challenges. Cost and technology intensive nature of such imperatives calls for establishment of systems 

and procedures for the most efficient utilization of resources in order to make such projects viable. Concerns such as energy 

security, climate change and related environmental, economic and social challenges are to be addressed for the success of a 

project. Major changes need to be made at the bottom of the pyramid and the need of the hour is to develop technology which 

is both innovative and sustainable.  

II. THE OFF-GRID SYSTEMS AND SMART-GRID 

We believe the ambitions of having zero carbon emissions can be fostered through off-grid production of renewable energy 

and smart-grid. But these innovations have their own sustainability issues. The understanding and focus from all quarters is 

lacking. Markets and investor are far away from making these innovations a viable business proposition. Useful related 

research studies are very few. Neglect from academicians has also contributed in lack of useful research in this arena. Even 

the educational systems at different levels have ignored this subject. Desired results could be achieved first through efficient 

research and development (R&D) and then the effective implementation of the outcome of such endeavours.  

Many countries are besieged by power shortages because of rising prices in commodities such as coal, oil and, such 

sources of energy are proving to be too expensive for power generation. Further, traditional methods and techniques are fast 

becoming old & obsolete. Therefore, the renewable sources of energy such as wind, solar, biomass, hydro etc. could be viable 

options. The prices of Solar panels and modules have significantly come down globally and has further falling trend which 

means the Solar energy which was one of the most costly source of electricity would be the cheapest source of electricity in 

days to come. However, such viable options need to be made at the bottom of the pyramid and the need of the hour is not only 

to develop technology (such as smart-grid systems, distributed generation etc.) but also to share the know-how with people, 

communities and countries that haven’t developed them yet. Science and technology can surely play a key role to help to 

combat climate change & global warming. In the case of agriculture, it would mean providing farmers with technologies 

which make them a prosumer instead of being only a consumer. Small scale producer cum consumer has been given the term 

‘prosumer’. Such prosumers need to be equipped with alternative fuel options (i.e. renewable sources of energy) and 

utilization of such options in efficient manner with the help of distributed energy generation, energy storage and smart grid 

technologies. The objective of student driven research and innovation can help arrive at community–led solution for 

sustainability which can offer promising new ideas and practices. We need to recognize it as ‘networks of activists (who are 

both informed and involved) and organizations generating novel bottom-up solutions for sustainable development’; solutions 

that respond to the local situation and the interest of the stake-holders involved. Such innovations create synergy between 

nature and humans while solving problems.  

The regions where grid connectivity is not feasible, cost effective Decentralized Distributed Generation and supply 

(also called off-grid systems) are good solution for overall growth of that area. A cost effective framework for 

implementation involving formulation of technical specifications, procurement, guidelines for project implementation, field 

appraisal and concurrent monitoring and evaluation to ensure quality and timely supply of electricity needs to be established. 

The distribution transformers of appropriate capacity should be installed to reduce electricity losses in distribution. Also, grid-
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connectivity as far as possible be provided so that losses could be reduced further and any surplus power in a particular area 

could be transmitted to deficit region. 

A smart grid is an electrical grid that uses information and communications technology to gather and act on 

information, such as information about the behaviours of suppliers and consumers, in an automated fashion to improve the 

efficiency, reliability, economics and sustainability of the production and distribution of electricity. A smart grid is integration 

of two infrastructures- the electrical and information infrastructure. A smart grid uses technologies such as wireless local area 

network (WLAN) and general packet radio service (GPRS). Choice of communication depends on particular electrical 

system. Therefore, smart grid and mini grids could be an enabling option for small scale prosumers and efficient storage of 

energy in smart grid will make the usage of energy more efficient and sustainable. 

 
Fig. 1: Smart Grid System (Integration with Renewable Energy) 

III. FUNCTIONS OF SMART GRID 

 A modern smart grid must have the following attributes: 

1) Be able to heal it, using real time information from embedded sensors and automated controls to anticipate, detect 

and respond to system problems; a smart grids can automatically mitigate power outages and service disruptions. It 

ensures high quality power and removes blackouts. 

2) Smart grid favours renewable energy sources that are distributed and intermittent, as solar, wind, biomass, small 

hydro turbines. These turbines could be interconnected at local and regional levels allowing residential and industrial 

consumers to self-generate and sell excess power to the grid. 

3) Energy theft prevention is its core duty. It includes advanced microprocessor meter (smart meter). A smart grid 

replaces analog mechanical meters with digital meters and record usage in real time. 

4) A smart grid incorporates consumer equipment and behaviour in grid design, operation and communication. This 

enables consumers to better control ‘smart appliances’ and intelligent equipment in homes and business enabling 

consumers to manage better energy use and reduce energy costs. 

5) Smart grid means no meter readings at home and elimination of transmission and distribution losses. 

To effectively implement such technologies the pre-requisites are collection and compilation of the primary data and 

then simulation exercises need to be done. Further, effect of energy storage on power system characteristics and the 

adaptation to different prosumer and load situations need to be studied. Mathematical and statistical tools (such as SPSS, 

MAT-Lab, Optimization tools etc.) are effective tools to come up with a plausible solution. 

The major challenges in promoting alternate source of energy is its intermittent nature (being dependent on laws of 

the nature), storage of various forms of renewable energy (solar, wind etc.), off-grid production, its efficient evacuation and 

distribution through grid etc. Smart grid promises the most efficient utilization of the power generated. Context-specific 

automated solutions to the problems of transmission and distribution is best achieved through such smart grids. Thus, there is 

a need for establishment of efficient systems and procedures ranging from research & development (R&D), production, 

marketability and most importantly, sustainability to viability of the project. We also need to learn from our mistakes and the 

lessons learnt from energy storage methods applied in power systems including distributed renewable energy production for a 

sustainable development of renewable sources of energy and its effective usage. 

IV. DISSEMINATION 

Studying and documenting such grass root innovation is extremely important for their wide dissemination. Once an 

innovative & creative solution is documented and kept in public domain, the other people suffering from similar problem can 

try those solutions. They can also collectively improve the existing solutions and make them more efficient. When these 

solutions reach the professionals and experts, it helps them in making or designing products and services which have 

minimum carbon footprints.  

Another advantage of documenting is that it brings the focus of society towards such limited resource consuming 

novel innovations which can inspire other people to look for solutions of their problems themselves rather than waiting for 

government or anybody to come and solve their problems. This feeling when gathers momentum can create a culture of 

innovative thinking and indigenous solutions.  
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V. CONCLUSION 

The young innovators, entrepreneurs and investors can convert these into feasible business model. Such entrepreneurs with 

research orientation are likely to adapt to any change in technology and incorporating new ideas and methodologies. 

Sustainable innovation as an important component of modern education is likely to create more jobs and a vast pool of skilled 

manpower who have hands-on knowledge of both the problems facing mankind today and their innovative solutions. Their 

examples may inspire others to follow suit. These efforts can help in mainstreaming of these innovations and a better future 

for mankind.  
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