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Design of a Do-It-Yourself (DIY) based Solar Powered 

LED Lighting System for Training and Empowering 

Rural youth 

Abstract. Do-It-Yourself (DIY) approach is an effective pedagogy method for 

providing learning experience to the user. The DIY approach also gives a sense 

of ownership (and empowerment) to the people as they assemble the product 

themselves.  It also provides a vocational training platform for innovative ideas 

of people by extending the applicability and its realization. 

The design of ‘Roshini’, a DIY model for solar powered reliable lighting system 

aims at improving the adoption of improved sanitation practices, and sensitizing 

the community, through the youth, on good hygiene practices. Roshini also 

addresses the issue of lack of safe, well-lit sanitation access, lack of power supply 

for mobile phone charging and other basic daily needs which require electricity.   

The paper discusses the design approach towards the proposed development of 

‘Roshini’ – A DIY based solar powered LED lighting system.  

Keywords: Do-It-Yourself · Sanitation · Photovoltaics · Rural youth empowerment · 

Pedagogy.  

1 Introduction  

Access to safe and adequate sanitation is fundamental to the well-being and prosperity 

of individuals. But in 2015, 2.3 billion people across the globe lacked access to even 

basic sanitation, of which 892 million people practiced open defecation, 90% of which 

lived in rural areas [1]. As per Census 2011, 69% of rural households in India had no 

latrine facility within the house [2]. Successive governments have made several efforts 

directed at ensuring total sanitation in the country through campaigns and policies like 

Total Sanitation Campaign (1999) and Swachh Bharat Mission (2014). India has been 

able to reduce people practicing open defecation by over 27% between 2000 and 2015 

[1]. Even though there has been tremendous improvement in the proportion of 

households with latrine facilities, the number of households without access to proper 

sanitation is alarming. Lack of proper sanitation is a major cause for increased risk of 

poor health, malnutrition, limited education and harassment in the society. Around 

60,700 children under age of five in India die of diarrheal related diseases every year 

[3]. Biological needs of women and girls make them most vulnerable to the effects of 

poor sanitation right from birth, through childhood, into puberty, throughout adult life, 

and into old age. WaterAid in 2017 reported that around 355 million women and girls 

do not have access to toilets in India [3].  

Along with access to sanitation for women, women safety is also a critical parameter to 

be considered which has been a problem for a while in developing nations. Women are 
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prone to harassment, psychosocial stress and sexual violence while traveling for 

defecating, either to public toilets or open fields and when they step out of homes in the 

dark. The hardship faced by women due to lack of proper sanitation facilities is 

discussed in many literature, and statistics indicate one in every three women face risk, 

shame, ill health, harassment and violence as they don’t have access to safe toilet [14, 

15, 16, 17]. Over the lifetime, women and girls experience toilet insecurity in different 

ways [13]. Inadequate facilities that cause toilet insecurity for women include no access 

to toilet, risk of going out for open defecation in the absence of toilet and accepting the 

risk of going for open defecation due to filthy and insufficiently lit public toilets. 

The next issue in hand apart from access to sanitation and women safety, is accessible 

and affordable electricity. India has the third largest consumption of electrical energy 

(with 1054 Billion Kilo-Watthours) after China and United States [4,5], while the per 

capita electrical energy consumption was 1010 kWh for year 2014-2015[6]. India 

became the third largest producer of electricity in 2015 after China and US; it remains 

a power deficit country due to its low per capita power consumption [7]. In 2011, 33% 

of rural households were not connected to the grid and depended on kerosene lamps for 

lighting [8]; recent government reports show that 98.1% of all villages have been 

electrified as on 2017[9]. Despite the significant progress in village electrification, 

electrical power supply in the rural areas is marred by power-shortages and load-

shedding due to deficit of 0.1-1.2% in energy and peak supply position through various 

regions of India (all 5 regions: Northern, Western, Southern, Eastern and North Eastern 

are energy deficient in Peak Power supply and total electrical supply).  

To solve the issues discussed and for enabling adoption of the solution, the method that 

could be considered is Do-It-Yourself (DIY). DIY goods are in existence since the 

middle of the twentieth century and is gaining popularity throughout the world [21]. 

DIY can be defined as the accomplishment of home maintenance and improvement by 

householders without professional help and treat it as an “analytically complex 

phenomenon, one that simultaneously involves leisure and work, consumption (of 

materials and tools) and production (of changes to the home)” [22]. As per the literature, 

benefits of DIY are the freedom of the individual to make the product by themselves 

wherever or whenever, thereby feeling the satisfaction of ownership of the product, 

reduction in the cost of goods and expanding the skills among many people which was 

restricted to only manufacturers earlier [23], [24]. Literature suggests on account of in-

depth interviews conducted on self-professed DIYers and the observations on the 

motivation for the DIYers were mostly either marketplace evaluation or to enhance 

aspects of their identity [25]. Marketplace evaluation translates to need for 

customization, lack of product availability or quality and relative economic benefits. 

On the other hand, few DIYers’ motivation was to improve their skills, need for 

uniqueness. In the mid of twentieth century, the DIY were associated with goods that 

had very standardized set of instructions to assemble, like the predesigned furniture sold 

by IKEA [21]. The DIY market in Indian context has been studied and includes a survey 

on Indian consumers regarding DIY. The most commonly practiced DIY activity was 

electrical work, and general household repair rather than household improvement and 
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a critical factor identified was the knowledge of materials, products and usage [26]. The 

51% of the respondents felt that self-satisfaction was the important reason for taking up 

the DIY [26]. 

2 Design Methodology 

The section discusses the needs of the targeted population, design requirements of the 

solution, conceptual design and development process. The problems faced by the rural 

population due to lack of electricity were understood by studying existing literature and 

reports. The cases considered while designing the DIY product are: i) Community 

toilets in villages which lack good electricity connections ii) No electricity connections 

in the toilet. iii) The household does not have electricity connection iv) The villages are 

not connected to the electricity grid and the people have access to mobile phones and 

they may need to travel far to get it charged.  

The scenario of affordable electricity and low infrastructure maintenance costs were 

considered as well in the ideation phase. Based on the need assessment, the main needs 

that were identified are safe sanitation and low-cost solution for better access to 

electricity. The design requirement for the solution based on the needs assessed is 

shown in Fig. 1. The reuse of materials was the central theme in the design process 

based on which the concept was designed.  

 
Fig. 1. Identified Design Requirements of the solution 
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Fig. 2. Morphology Matrix of Concept Design 

 

The Fig.2 shows the multiple options as a result of brainstorming among the group, for 

various parts in the system being designed. The initial concept was a microcontroller-

based DIY design which incorporated digital logic with the help of sensors. The thought 

process of the initial design was to provide additional functionalities which could be 

later used by the youth to experiment their ideas by extending the application. The 

concept utilized the LDR and PIR sensors to sense the ambient light and motion of a 

person which would control the light. The control algorithm was embedded in a 

microcontroller. The concept allowed flexibility. The enclosure used was a 1 litre 

packaged drinking bottle. The concept was developed and showcased in a public forum 

to understand the reactions of public. The response among the audience was positive, 

and people especially young kids were attracted towards the prototype and the idea 

behind DIY. A limited validation was carried out for the concept by a small group of 

kids to understand their feedback on the DIY based system. 

With the feedbacks received by the kids and audience of the forum as discussed above, 

further deliberations within the team were carried out. Concerns on durability of the 

enclosure for the initial concept and the cost involved in using a micro-controller-based 

solution were raised. Based on the concerns, various options for enclosures using 3D 

printing, origami, cardboard, PVC pipe etc.  were discussed. The electronics was 

modified to an analog-based control which did limit its flexibility in reprogramming 

but, reduced the cost by around 20%. Finally, based on couple of iteration the enclosure 

was modified to a PET bottle and the concept was redesigned. The block diagram of 

initial microcontroller-based concept is shown in fig.3a, the modified analog concept is 

shown in fig. 3b, fig.4a and 4b shows the materials used, assembly and testing of the 

initial concept. 
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Fig. 3a. Block Diagram of Microcontroller 

based Concept 

 

Fig. 3b. Block Diagram of Modified 

Analog Concept

The new concept will be further developed, and a small batch of prototypes will be 

taken for field trials in a rural environment in coming few months for user verification 

and validation. The DIY method and its efficiency in solving the identified needs will 

be tested in the process. Finally, based on the feedback the project will be further scaled 

and few hundred units would be distributed to the rural areas. 

 
Fig. 4a. Materials used in Initial Concept  
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Fig. 4b: Assembly and functional testing 

  

3 Discussion 

The issue of poor sanitation leads to gender gap in workplace, attendance drops among 

school going girls to the extent of dropping out from school when a girl reaches puberty, 

risk of sanitation related diseases, assaults and various threats to safety and health of 

women. Global sanitation crisis has far-reaching consequences, ranging from health of 

individuals to economy of nations which makes it paramount to address the problem 

with utmost attention. At the same time, addressing the sanitation crisis requires 

intervention from government as well as private organization through construction of 

toilets in households, schools and workplaces should be accompanied by campaigning 

the importance of sanitation, especially in rural households. Also, empowering people 

for solving their problems and meet their needs by themselves is important. The product 

is designed to provide hands on experience to people which could help in understanding 

of the basic engineering and design involved in current technology solutions, and in this 

process also make people understand the importance of sanitation.  

Apart from sanitation, safety of women is also a problem in India [18]. It is reported 

that two girls in Uttar Pradesh state were raped and hanged while they were going to 

field for defecating [18]. 400 women would have escaped from rape, if they had toilets 

at their homes, as said by a senior official from Bihar [18]. Specific cases were reported 

where girls under ten years being raped while going to use public toilet, in the urban 

slums of Delhi [18]. Literature discuss that women in a few settlements have to go up 

the nearby hills for defecating at night or early morning under the cover of darkness, 

due to safety issues they face during the daytime [19]. They go in groups as well, to feel 

safe. Many even eat less to relieve themselves during daytime. A project that focuses 

on empowerment of rural people must include aspects of sanitation with focus on 

women and girls. It builds their access to resources and skills. It also enhances their 
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inner capability thereby empowering them. Empowering women of the society is both, 

the means and termination to the insecurity prevailing in a society. If we can address 

the toilet insecurity of women, we will be able to address the crisis on sanitation 

globally.  Therefore, access to private toilet is an urgency to benefit the women who are 

living without access to safe toilet conditions. Innovative approaches can address many 

development challenges including sanitation [29]. We aim to empower women in rural 

areas to understand the importance of safe sanitation through our project. We expect 

our solution to have adequate lighting so that women can safely use their toilets at any 

time without fear and anxiety of darkness, be it public or private toilet. 

Looking at the electricity access and energy resource scenario of India, the solar energy 

generation potential of India is quite high (at 6000 Million GWh energy per year) as it 

receives 4-7 kWh of solar radiation per square meter per day with 250-300 days on an 

average [12]. Hence it has tremendous potential for photovoltaic (PV) based solar 

energy generation.  The primary power needs of rural homes are lighting, fan, mobile-

charging and entertainment. Basic artificial lighting is one of the primary needs for daily 

activities of rural households. The fundamental function of a home-lighting system is 

to provide safe lighting environment for visual tasks, movement around spaces, colour 

rendering similar to natural light and safety from snakes, wild animals and miscreants 

[10]. Cooking, daily chores and other allied agricultural activities also need artificial 

lighting. LED-based artificial lighting technology has been a revolution in the rural 

scenario as it has a long life, low cost and consumes less power. A PV based standalone 

LED lighting system can potentially reduce the energy deficit related to electricity 

generation. Moreover, such a system would enable people in remote villages use the 

lighting energy more conveniently and independent of the grid. Further, it has the 

potential to bring a larger rural population under safe and well-lit sanitation scenario. 

The maintenance and repair of such system could be taken care by imparting of 

innovative training and educational awareness about the electronic lighting system used 

in such modules. Barefoot college (located in Tilonia Village, Rajasthan) which 

provides training to rural women (mostly illiterate or very low educational profile) and 

turns them into solar engineers can be seen as an experimental case [27]. With our 

solution, we have attempted the possibility and over the period of time, we could 

analyze the impact created. 

Finally, considering the DIY approach used in this project we expect that it could have 

a potentially disruptive dissemination model for product as well as the method to 

educate people on importance of sanitation. Over time, there has been a paradigm shift 

in the DIY goods. The advancement in the technology has enabled the DIY goods to be 

more versatile and allows an individual to implement his/her creative ideas. The shift 

has been observed in many fields, like newspaper, music industry and especially 

electronics. DIY is also a good pedagogy tool for people to upskill and thereby improve 

their opportunities to enhance their income. Incidentally, DIY systems also help in 

reducing the cost of assembly, packaging and support for the manufacturers of products 

and thereby, a possibility of bringing in low cost solutions in the market. Exploiting the 
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advantages inherent in the DIY products coupling with the intention of providing a 

solution to existing societal issues of secured sanitation and affordable lighting in rural 

area is the motivation behind our product design.   

4 Conclusions 

The DIY design model approach is expected to be effective in utilizing the technology 

to encourage better sanitation facilities for rural people, especially for women and girls. 

The design makes use of reusable and accessible materials, combined with technical 

know-how to help the young rural minds to explore and experiment with the latent 

creative-hacking spirit of a rural Indian. 

Field trials are planned to be carried out over next few months for user verification and 

validation of the concept. We expect that the model can encourage the local populations 

to find effective solutions for problems faced by them. Finally, we also aim to spread 

the message of design, innovate and make it yourself in India. 
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