
 

 

Abstract—This paper aims to show comparative studies of 

different types of innovation applied to lighting, along with a 

theoretical review by means of a bibliographic method. We 

demonstrate that it is possible to understand the  impacts of industries 

with a conventional innovation that uses natural resources to 

manufacture lights, and the opposite, when a frugal innovation solves 

the problems of a society at the bottom of pyramid, helping people 

without access to electricity to get home lighting. The frugal 

innovation is simply the use of recycled PET bottles. We achieved the 

objective of our study by gathering data from Environment, Electrical 

Engineering, International rules and Innovation, which gave us the best 

results. With all these variables, we can characterize this work as an 

Interdisciplinary study. 
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I. INTRODUCTION 

ORLD is suffering with kilotonnes of plastics like PET´s 

bottle, glasses of light bulbs, packages of paper and 

others, that they are wasting to disposal everyday. Many times 

spend more water to produce a bottle of water than carry a liter 

of water inside of the bottle package. With that, It is necessary 

to review solutions and think different, think with flexibility, 

think Jugaad. 

The Jugaad innovation for Moser lamps and the common 

industry producing conventional lights with natural resources 

constraints, ride on opposite ways. Note while industrial of 

lighting use these resources, the bottle lights try to absorb these 

impacts using little bit yet from enormous volume of PET´s 

bottle, like a quantity of 100 millions per day in range.  

It´s true that, if was possible with a hundred millions of 

bottles recycling only in a half, with this quantity is possible 

possible to illuminate several small cities diary with Moser 

lamp. 

So, What is needing to think frugal Companies, World, if we 

have now chances to change?  

II. METHODOLOGY 

This scientific article is limited to find information applicable 

to the lighting industry by describing a comparison between the 

various types of bulbs that may be consumed on a daily basis 

and the Moser lamp. The latter, a frugal Brazilian innovation 

that breaks the way of generating enlightenment for the Society.  

At the moment, it is included the study of quantitative and 

qualitative variables, in the sense of realizing through the 

comparative method the degree of effectiveness of the studied 

innovations as well as the environmental impacts, and the 

evolution of the inventions of the Jugaad in the lighting through 

a simplified knowledge. 
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It is a comparative descriptive work using bibliographic 

resources. For the analysis of results were verified quantitative 

and qualitative variables, treating data using Microsoft Excel 

for generation of graphs. 

III. THEORIES 

A. Innovation 

Second [1], innovation create or change anything, resulting 

in something new, different. 

Futhermore [2] define innovation like is “a new idea, 

method, or invention” or “the introduction of new ideas or 

methods”. To understand all levels of innovations [1] still 

define profiles of innovations, that is necessary to considerate: 

product innovations, process innovations, organisational 

innovations and marketing innovations. See table I. 
 

TABLE I 

TYPES OF INNOVATIONS 

Categories Description 

Product 
innovations 

Relevant changes in the capabilities of goods or 
services in matter of improvements to existing products 

are included. 

Process 
innovations 

Represent significant changes in production and 
delivery methods. 

Organisational 

innovations 

Refer to the implementation of new organisational 

methods. These can be changes in business practices, 

in workplace organisation or in the firm’s external 

relations. 

Marketing 
innovations 

Involve the implementation of new marketing methods 
including changes in product design and packaging, 

promotion and methods for pricing goods and services. 

Source: [1]; [3].  

 

The author [3] tells that innovations show innovation 

degrees, like new to the firm, new to the market and new to the 

world, summarized by Table II. 
 

TABLE II 

DEGREES OF INNOVATION 

Degree of 

Novelty 
Characteristics 

New to the 

company 

The minimum entry level for a innovation (products, 

processes, marketing or organizational methods). It 

must be new to the corporation independent of another 

companies have been implemented previously. 
New to the 

market 

It happens when the enterprise introduce the innovation 

firstly on its market. 
New to the 

world 

An innovation is new to the world when companies 

introduce the innovation for all markets and industries, 

domestic and international implying greater degree of 
novelty than new to the market. 

Source: [1]; [3].  
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Table III shows characteristics of Innovation Nature that are 

classified like: Incremental, Radical and Disruptive. [3] 

  
TABLE III 

INNOVATION NATURE 

Innovation nature Characteristics 

Incremental 
Build on existing knowledge and occur continuously 
in the organization. These innovations lead to small 

improvements in products, services or processes. 

Radical 
Produce fundamental changes in products, services 
or processes. 

Disruptive 

In their most extreme form, innovations can even 

change the basis of society, for example the 
transformations resulting from today’s computing 

technologies. 

Source: [1]; [4].  

 

With these informations generated from Oslo Manual, it´s 

possible to see the three dimensions of innovation associated, 

recognizing like a gear (Fig. 1). 

 

.  

Fig.  1. Dimensions of Innovations, based on [3];  

 

B. Light 

Physically, [5] explains that: “light waves can be explained 

like an oscillating electric and magnetic fields which can exist 

in empty space, light can travel through a vacuum”.  

Starting from the central point of study object, enlightenment 

exists because light wave appears in the space generating 

optical sensations, that our eyes can perceive the refraction of 

objects, according to [6]. 

In agree with [7], Illumination is a deprecated term for 

Illuminance […], and more, “[…] the standard unit for 

illuminance is Lux (lx) which is lumens per square meter 

(lm/m2)”. Table IV. 

TABLE IV 

UNITS OF ILLUMINANCE. 

Older units of illuminance Typical illuminance values are: 

footcandle 1 fc = 10.764 lx. 1 lx          full moon 

dalx (in canadian  
safety regulations) 1 dalx = 10.764 lx. 

10 lx          street lighting 

phot (deprecated) 1 ph = 10'000 lx 100-1'000 lx     workspace 

lighting 

Source: [6] 

 

In matter of  lamp  efficacy, Second [8] in agree  with The 

Illuminating Engineering Society of North America (IESNA) 

defines lamp efficacy as “the quotient of the total luminous flux 

emitted divided by the total lamp power input.” It is expressed 

in lumens per watt (lm/W). For fluorescent and HID lamps, you 

must also include both the ballast wattage and any reduction in 

lumen output associated with the lamp-ballast combination to 

determine the system efficacy.  

For scotopic vision, spectral luminous efficacy is denoted by 

K´λ, and can be calculated using the following equation: K´λ = 

K´m V´λ 

Where K´m = 1700 lm/W (the maximum sensitivity for 

scotopic vision, which occurs at 510 nm) V´λ = the value of the 

scotopic spectral luminous efficiency function for that 

wavelength. Table V shows some examples. 
 

TABLE V 

 EFFICACIES OF COMMON LIGHT SOURCES. 

Light 

Source 
Power (watts) 

Lamp Efficacy 

(lumens/watt) 

Standard Incandescent Filament 100 17 

Fluorescent T-5, 4 ft 28 100 

Fluorescent T-8, 4 ft 32 90 

CFL 26 70 

Mercury vapor 175 45 

Source: [7]. 

 

According [9] the International Organization for 

Standardization – ISO -, for lighting requirements show 

appropriate rules recommended for various rooms and activities 

that may be summarized by Table VI. 

 
TABLE VI 

 THE SCHEDULE OF INTERIORS (AREAS) TASKS AND ACTIVITIES WITH 

SPECIFICATION OF ILLUMINANCE, GLARE LIMITATION AND COLOUR QUALITY  

Type of interior, task 

or activity 

Em 

lux 

UGR

L 
Ra Remarks 

Type of interior, task 
or activity  

Em 
lux 

UGR
L 

Ra Remarks 

Post room, 

switchboard  
500 19 80  

Store, stockrooms, 
cold store  

100 25 60 

200 lux if 

continuously 

occupied 
Dispatch packing 

handling areas  
300 25 60  

Control station  150 22 60 
200 lux if 
continuously 

occupied 

Source: [9] 

 

In agree with [10] is possible to perceive the comparison of 

conventional lights a 60 watt (W) traditional incandescent with 

energy efficient bulbs that provide similar light levels. Table 

VII gather better these informations. 

 
TABLE VII 

COMPARISONS BETWEEN TRADITIONAL INCANDESCENTS, HALOGEN 

INCANDESCENTS, CFLS, AND LEDS 

Categories 

60W 

Traditional 
Incandescent 

43W 
Energy-

Saving 

Incandescent 

15W CFL 12W LED 

60W 

Traditional 

43W 

Halogen 

60W 

Traditional 

43W 

Halogen 

Type of 
innovation

degree of 
novelty

innovation 
nature



 

 

Energy $ 

Saved (%) 
– ~25% ~75% ~65% 

~75%-

80% 
~72% 

Annual 

Energy 
Cost* 

$4.80 $3.50 $1.20 $1.00 

Bulb Life 1000 hours 
1000 to 

3000 hours 
10,000 hours 25,000 hours 

Source: [10]  
*Based on 2 hrs/day of usage, an electricity rate of 11 cents per kilowatt-hour, 

shown in U.S. dollars;  

 

C. Statistical numbers for light sector 

According [11] is possible to summarize light bulb industry in 

Earth, observing (Fig. 2). 
 

 

Fig 2. Numbers for light bulbs, based on [11] data. 

 

D. Lighting and Environmental Impact 

Every year about 2,5 billions of light bulbs was sold and 10% of all 

energy from the Earth is for lighting [11]. Just a multinational with 150 

companies around the world waste for disposal more than 21,76 

kilotonnes in environment in last couple years. [12],[13]. This without 

account the number of various chemistry elements for environment. 

For global warming potential, the incandescent lamp has the largest 

CO2-equivalent emissions, with over one tonne of emissions 

associated with the functional unit of 20 million lumen-hours of light 

and 7.9 kilograms of sulfur dioxide equivalent emissions for 20 

megalumen-hours of light. [14] 

Referencing [14], photochemical oxidation leads to urban smog, 

and the emissions of this air pollutant are the most severe with the 

incandescent lamp emitting approximately 46 grams of ozone for the 

functional unit of light output. 

E. Global PET bottles statistic in the and respectives impacts 

According with [15], “The global PET resin production 

capacity was 27.8 million tons in 2015. China is the leading 

producer with 27% of the market share followed by Europe 

(17%) & North America (17%). China is not only the largest 

producer of PET resin but also the largest consumer of PET 

bottles.” 

Regionally, Asia is the leading in terms of production of 

Polyethylene Terephthalate (PET) resin, sharing a market with 

approximately 50% in 2015, second [15]. (Fig 3) 

 

 

 

 Fig.  3. Global PET Resin Production Capacity is 27.8 Million Tons in 2015. 

Second [16],  is possible to perceive the Global PETs impacts 

on Earth. Table VIII. 

TABLE  VIII 

GLOBAL PET IMPACTS ON EARTH 

Descriptions 

1/5 plastic bottles is recycled. 

It takes 700 years to start decomposing a PET. 

100 million plastic bottles or more are used worldwide every day 

3 liters of water is necessary to package 1 bottle of water. 

1,500 plastic bottles per second go to waste in landfills or oceans 

approximately. 

Up to 190,000 homes may be energised with the energy by a bottle 

manufacturer. 

Plastic is inserted in bullet list like a relevant threat in marine ecosystems. 

Antimony, Bisphenol A which causes illness and even death can be found 

in PET plastic bottles.  

Source: [16] 
 

According to [17] only in Brazil country, the PET 

consumption in 2016 year was approximately 840Ktons of PET 

waste and only 1 in 5 bottles were recycled. 

F.  Jugaad Lighting 

International Energy Agency Report (2014), have been 

claimed: “globally there are more than 1.3 billion people who 

are without access to electricity, more than 95 per cent of whom 

live in either sub-Saharan Africa, or in developing Asia. Eight 

in 10 live in rural areas.” [18] 

Claiming from [19] and [20] Jugaad is part of a wider 

method for working within resource constraints [..]. 

India has become a model for the robust innovation framed 

by Jugaad through its visibility as a global ICT hub – this has 

provided a context for elaborations of jugaad as a work ethic. 

[21] 

CHINA

INDIA

SOUTH AMERICA

EUROPE

MIDDLE EAST & AFRICA

ASIA
 (Except India & China)

NORTH AMERICA



 

 

Jugaad fits into the idea that ‘poverty is the mother of 

invention’ as OECD´s report suggests: 

‘why innovate?’ For those working in and with poor 

communities the answer is: because you have to. Technologies 

from the outside world fail to work at all, fail to work properly, 

and break. Hence the North Indian concept of jugaad – the 

improvised quick-fix to get or keep technology working within 

an environment of relative poverty and resource constraints. 

Although the terminology may be localized, we can see jugaad 

in poor communities worldwide . . . [1] 

G.  The bottle light, Moser Lamp. 

In Minas Gerais state at Brazil, 2002 year, the mechanic man 

known by Alfredo Moser announced firstly in the biggest 

brazilian broadcast tv his invention for millions of people, that 

later It was showed on international press, becoming recognized 

like a frugal innovation for pyramid base, adopted nowadays in 

more than 15 countries.  This innovation was called, Moser 

Lamp or Solar Bottle Bulb, which in Philipines is also known 

in the project like “A liter of light” from MyShelter Foundation 

[22], [23]. 

Second [24], It was observed that main raw material 

generally is soda bottle. And it comes from manufacturing by 

Polyethylene terephthalate that is a thermoplastic polymer that 

can be reprocessed several times by the same or another 

transformation process. When heated to suitable temperatures, 

these plastics soften, melt and can be re-molded.  

To make a soda bottle light, it is necessary that this material 

can be assembled with a roof tile, and into the bottle, being 

introduced an aqueous solution of sodium hypochlorite 

(NaClO), commonly known as bleach. [24]. 

(Fig 4) explains like it is. 

 

 
Fig.  4. Bottle of light installation. 

The “liter of light” project won the World Habitat Awards in 

2014 at Phillipines country featuring recognition for the 

characteristics by a robust product design that produced 

minimal costs having local manufacturing without advanced 

skills or tools being suitable for informal settlements [25]. 

The reason that made the Philippines embrace the bulb 

project in the bottle was the high cost of electricity, favoring 

only the wealthier economic classes, while the poorer economic 

base smiled when it realized the possibility of having light at 

home without Costs of the state service.[24]  

Second [26] the idea of Moser by one Organization non 

governamental intend to support 1 million of people but that in 

Manila alone, the organization estimates that there are 3 million 

homes without electricity.  

Moser's invention also is serving to illuminate homes of 

needy families in Nairobi, Kenya.[26]  

This artifact depending from ray of the sun may generate the 

equivalent of a 55-Watt light bulb, according with [24] that 

explain that the most important is the possibility to produce and 

install costing about US$1 per piece, representing a low cost 

effectivity.  

To show better the Moser Lamps Efficacy, studies of [27] in 

Brazil, Ceará state, it had been permitted to show evidences that 

lamps from soda bottle have equivalent results with light bulbs 

depending of the period of the day. See Table IX. 

 
TABLE IX. 

EFFICACY COMPARISON AMONG INCANDESCENT AND MOSER LIGHTS 

Period 

Incandes

cent 

lamp 
40W 

Incandes

cent 

lamp 
60W 

Bottle lamp 
600ml      

(sunny day) 

Bottle lamp 
600ml 

(cloudy day) 

Bottle lamp 
2000ml 

(sunny day) 

Bottle 

lamp 
2000ml 

(cloudy 

day) 

7:00 AM 110 192 24 30 65 31 

9:00 AM 110 192 34 35 120 44 

11:00 AM 110 192 57 57 200 67 

1:00 PM 110 192 53 34 198 48 

3:00 PM 110 192 27 16 76 35 

5:00 PM 110 192 3 7 8 4 

Source: [27] 

 

In (Fig. 5) is possible to observe the variation of lighting by 

Moser Light in comparison with incandescent lights, during 

different periods of day. 

 

 
Fig.  5. Efficacy of Moser light during a sunny day. Based on [27] data 

(Fig. 6) shows inn a cloudy day efficacy themselves, which they were also 
registered by [27]. 



 

 

 
Fig.  6. Efficacy incandescent lights in comparison with Moser lamps in a 

cloudy day. 

Source: [27] 

 

 

Later, improving Moser lamp invention, It was possible to 

note in [28] the “Liter of Light - USA” improved in United 

States a way of getting light at night, producing an incremental 

solution adding micro solar panel, rechargeable battery and Led 

diode, which was possible to be explained easily how do it 

yourself. (Fig. 7) 
 

 
Fig.  7. A nightlight improved from Moser lamp. (Image: liter of light) 

Source: [28].  

H. Jugaad bootle light for public places 

Observing Moser's lamp work, one can see that inspiring 

projects have appeared in different parts of the world, making 

researchers involved with this implementation profile 

motivated by the concern of having to build a model applied to 

public spaces. 

Soon, the application of this innovation in public lighting 

poles appeared, favoring the community of Asia, Africa and 

Brazil, according to presentations published in several sites by 

several authors. 

Demonstration from [18] presented by a business partnership 

with a soda company and a non-governmental organization, 

was possible to show solutions of patnership that bring to 

communities a way of recycling plastic bottles, explaining the 

use of natural sunlight with solar bottle bulbs, reaching a 

refraction up to 60 Watts of lightining across a 40 square meter 

room.  

In Egypt, population was motivated to install these Moser 

lamps with support of the same soda company, encouraging 

more than 26 governorates and garnering more than 100 entries. 

[18] 

Pakistan also adopted the innovation of Moser lamp [29] 

supporting entire communities. (Fig. 8) 

 

 
Fig. 8. Innovation applied at Pakistan. Image: MyShelter Foundation, 

revolvemedia. 
Source: [28]. 

 

A Foundation in the North Wing Lobby of the Congress, 

presented a resolution for supporting houses for the adoption 

and promotion of solar lighting by “Liter of Light Project” in 

line with the celebration of the UN International Year of Light 

2015, according [30]. (Fig. 9) 
 

 
Fig.  9. Official lighting ceremony in front of the building of the House of 
Representatives where the T.I.P. Image: Techonological Institute of the 

Philippines. 

Source: [30]. 

 

Noting [31] is possible to observe that the innovation 

impacted in cameback to Brazil when It was possible to see 

students of Brasilia University – UnB -, that reproduced for 

Brazilian conditions a light pole with LED lamps based on “liter 

of light” project too. (Fig. 10). 

 



 

 

 
Fig.  10. “Liter of light Brazil” with light pole. (Image: Luciana Amaral/G1). 

Source: [31].  

IV. DISCUSSION AND RESULTS 

In agree with [4] was possible to deduce that innovation is a 

wheel of sustainability of any corporation, because is necessary 

that any business move actions for improving itself. 

Independent of innovation type. 

According with [5] conventional lights industries and Moser 

lamps from Jugaad Innovation produced new ideas, methods or 

inventions, cause was possible to see various types of 

conventional lights and Moser lamps improves. 

Noting theories from [3], [4], [6] is possible to attribute that 

all light industries and Moser lamps gotten Disruptive 

innovation nature, were new to the World to degree of novelty 

and applied product, process and Marketing Innovation. 

All conventional lights and Moser lamps using the light 

principle illuminating environments in agree with authors that 

explain theories of light like [4] - [7] 

Seeing ISO rulers in agree with [8] may support spaces for 

living and working, observing the necessary numbers of units 

of lights, but is relevance observe that in case of Moser lamps 

for avoiding different performances in workplaces is more 

safety to apply a nightlight Moser lamp, for perceptible reasons 

with supported LED lamps to keep continuous the luminance 

flux. 

According with [10] and [24] the compared prices to 

conventional lights and  Moser Lamp is more affordable last 

one and have efficacy with durability uncomparable, because 

the PET bottle have longlife around 700 years to decompose in 

nature second [11]. 

It is possible to verify with [16] that if 100 millions of PET´s 

are consumed by day in the World and only 1/5 of this volume 

is recycled, so is possible to produce about 80 millions of Moser 

Lights per day lighting several little cities each day. 

With incremental innovations applied to Moser Lamp, It was 

possible to see countries adopting light poles, nightlights and 

bringing safety and comfort for millions of people around the 

World.  

CONCLUSION 

Evaluating the environmental impact from PET´s bottle and 

conventional lights are interesting to perceive that both have 

tremendous impact like kilotonnes unit of waste that hurt the 

environment polluting water, air and ground. So, It is easy to 

understand that is a big problem and that Frugal Innovation or 

Jugaad came for solving these matters, like Moser´s lamp 

solution, showing that is the right way to reduce the World 

impact for lightning. 

APPENDIX 

 
Fig.  11. Comparison of all lights and lamps studied by researches from Brazil 

in Ceará state.  
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