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Sight
Vision
Color
lHluminance
Contrast

Adaption
Glare
Measurement
Photometry
Health effects




Natural light

Artificial light
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L uminaire

Device used to create
artiticial light

Different fixtures & positions
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Non
conventional
Lighting




It is the free abundant source of energy available
during day time, which is harvested through PV The power extracted depends on the size and
cells and stored Iin battery for different property of the panels
application.



+: Best Renewable energy
abundantly available
Green,clean energy.
Advancing technology.
Best Off the grid solution.

—: Seasonal

High Initial cost
Solar Inefficiency
Storing Solar energy




Gravity light is a mechanically operated gravity
powered lamp as a replacement for kerosene
lamps in third world countries

It takes 3 sec. to lift the weight of rock or earth
attached to it, which slowly descends creating 25
minutes of light similar to a cuckoo clock.
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+: Self sufficient
Low cost

Energy harvesting
Self reliant

—: Devoid of portability

Difficult for old people and children to lift
20kg weight

Have to reload it every 25 minutes
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It Is becoming popular in energy scavenging
mostly for wearable devices and centralised body
worn power packs charging.
which is a shift form the industrial and commercial
application.

It is the charge accumulated in certain solid
material in response to applied mechanical
stress.
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+: Convenient way of producing i A
power by our daily activities. o wEOIA LAVIRATON
Efficient energy scavenging.

HOAWL) TN

—: Not a cost effective solution.
Continuous human labour needed.
Storage of energy.
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Wind power acts as one of the main contributor for

It is the conversion of wind energy into useful Off the grid system and for alternate power.

form of energy







+: They are green and free
source of energy
Less maintenance.

—: Highly seasonal
ess portable options
High initial cost.

Non dependable.




It is the conversion of muscle power (physical
action) to charge the battery through a dynamo
or magnetic induction by shaking ,cranking,
pedalling, etc.

Bodily parameters are also sometimes used to
work for wearable devices.

This is used in wide variety of application from
charging lamp,radio, kitchen appliances, as
emergency, power saver and rescue operation.
Powering electronic devices using human power Is
one of the trending research topic.






+: Best alternate source of energy.
during emergency.

Highly dependable and portable.
No wastage of batteries.

—: Efficiency depends upon the person.
Continuous human labour




Soil basically acts as the medium of electron
flow or soil creates the electrons which is
harvested by inserting a cathode and anode

rods(graphite and chicken mess) which intern

connected to a battery through a power
regulator.
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The power is sufficient to light 1-2 LED’s for four to
five hors per evening.



+: Easily available raw material for
power generation.
Eco friendly self sustaining solution.

—: Have to keep it dry every often
Power generation depends on the
area of the graphite sheet.
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Bleach is added to the water to keep the water pure
from bacteria and fungus.
This is a open source project installed in many parts
of the third world as efficient day lighter and
alternate for incandescent lamp.

Lighting using the refractive property of water
inside a bottle to light the dark interiors during
day time.

It produces power equivalent of 55watt light bulb
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SOLAR BOTTLE LIGHT is a good source of daylight--
up to 55 watts




e Sl aulelarn —: Problem in sealing the bottle.

Very low cost.
/ero carbon emitting.
Highly efficient.
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SOLAR BOTTLE LIGHT is a good source of daylight--
up to 55 watts




Hybrid lighting is bringing the natural light in to
the interiors through a collector pointed towards
sun during the day and electronically feeding
with the artificial light during night and low light
day.

It Is getting popular among the housing societies an
commercial buildings in US. The solution requires a
system level change.
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Sunlight Collector and
Tracking System

Distributiog

Hybrid
| Luminaire
| w! Controls
+: Saves power Dbill.

Health benefits. | : . |
one collector can supply | ‘
for the whole house.

—: Not a cost effective solution
Requires alteration in the building
—iber optics technology for light
naven't reached its optimum.
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Thermo
electric

Generator

Pros:

The sensor is very light and modular,
Scalable upto the required temperature.
Maintanance is easy.

Continuous operation in any climate
(hot, cold, wet, dry)

Module is very expensive
because of lesser production.
Efficiency of the device is low,
around 6%-8%.
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| w! Controls
+: Saves power Dbill.
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—: Not a cost effective solution
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Already prove,prevalent
Green power but less power
Efficient,but small scale
Super sustainable and proven
Technically tough and seasonal
Good at selected scenario
Power saver at higher initial cost
Dependable but laborious

scalable, less maintenance



Context




Rural need

As on 31.August 2013, a total of 32,227 villages of

India are yet to be provided with electricity access, out
of a total of 593,732 inhabited villages

The national average of households using electricity

and solar energy for lighting Is just 67.2 percent.

Scope of
the project

The hybrid solution as such can
be applied in both Rural and
Urban scenario based on the

power need and user interest on

energy saving.

But if the solution is self sufficient
and dependable off the grid, it
will be more suitable

for Rural areas of India from the
statistics.
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Households by main source of lighting

Total number of households
Electricity
Kerosene
Solar
Other oil
Any other
No lighting

Power production cost of different sources

Source of Fuel

Coal
Solar PV
Biomass

Micro Hydro
Wind

Generation
Cost per kWh
(Rs.)

Transmission
Infrastructure

Cost Per Km for
a load of 100kW

1,84,93,003
1,72,65,059
10,95,489
13,669
27,853
8,971
81,962

Other Maintenance Total Cost of
costs/distribution  Generation

oninfrastructure  per kWh per
etc (per kWh) km

89,29,104
85,81,633
3,03,996
4,949
8,599
3,677
26,250

Total Cost of
Generation

Total Cost
of
Generation

perkWhata5 perkWh at

Km distance
from

Grid/33KVA
line

Rs. 7.50
Rs.9.20
Rs. 4.75
Rs. 4.50
Rs. 4.80

al0Km
distance
from
Grid/33KVA
line
Rs. 12.50
Rs. 9.20
Rs. 4.75
Rs. 4.50
Rs. 4.80

Total Cost of
Generation
perkWhat a
15Km
distance
from
Grid/33KVA
line

Rs. 17.50

Rs. 9.20

Rs. 4.75

Rs. 4.50

Rs. 4.80

Life of
the Unit

Power Shortage across India

36% of the total households
receive electricity supply for 20 to
24 hours, while 30% of the
households get less than 12 hours
of electricity supply with 23% of
the households getting less than
8 hours of supply and the balance
of 11% had either not supply or
were getting just less than 4
hours of supply every day.



»WWha
»WWha

IS the duration of power cut in their region?

IS the first source of light a

»\Wha

- are the alternate source of

face the power cut off?
»|s It rechargeable one, if so how much power and
time needed for recharge?
»[s It self sustaining or require human power for
operation other than switching it ON?

»How long your devices can provide light™?

»\Wha

IS the cost for your source

»\Wha

IS the amount spent every

electricity”
»\What are their activities during power off?

ter the power off”
ight they use to

of energy”
month on

Questionnaire




Insights from
User Data
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Design Brief

To design a hybrid lighting solution using the Solar or
Thermo Electric Generator or gravity or human
powered alternate technology (to be fixed after
experiments) to address the need of power crisis in
India considering off the grid solutions.

Design should be self sustainable, clean and locally
viable. It should produce value even when it Is
connected with the grid
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Design Directions

From consolidated chart

1. Luminary for hybrid light:

Design a Luminary which will support both
conventional and unconventional light
sources. which should be adaptable to
existing lamps and increase the efficiency
of lighting.

2. Hybrid energy source which support
lighting:

Design a device which helps in producing
power using non conventional methods,
with the regular activities in the house and

support lighting with less effort. The device
also should support the existing grid
operated lighting. The main objective is to
enhance the reliability and efficiency of
lighting by saving cost and power.

3.Design a alternative energy source:
Design a device which will support power
production using the non conventional
method and help as additional source of
power, by utilising the regular activities
inside the house.




Literature Study

Phase ||

Market study User Study



Thermo
Electric
Generator

power generation with less effort
Hybrid power generation

reliability and efficiency in lighting,

Thermo electric generator (TEG) for

lighting, seems to be the most suitable
choice (brief 2).



Benefits of using a TEG:




The DW-ST-15W Wood Burning Stove
Thermoelectric Generator can be placed
on the top of a heat source such as a

wood stove to charge a battery, power a
12V DC device,

——~———  RDEVIL WATT

These Russian stoves are solid fuel
heating and cooking stoves with a
built-in thermal electric generator
which transforms the thermal
energy of burned fuel into electric
power




This Seiko watch when it is worn on The Power pot is a pot that you fill with

the wrist, the watch absorbs body heat water and place directly onto any heat
from the back case and dissipates it source. This may be a campfire or a
from the front of the watch to generate propane or alcohol stove.

power with its thermal converter.
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Thermoelectric
Generator Heat flow

Watch movement  toair
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Screen printing Wearable thermoelectric Power generation
technique generator on human body




Experiment

Components used for the experiment and their Specification

L]

1. Thermo Electric Generator(TEG)

Temperatu
re
(degrees)

Open
circuit
voltage(V)

Current
(MA)

2. Heat Sink

Old CPU Cooling Fan (12v) and Heat sink
(aluminium)

3. Thermal Paste:

Heat sink compound paste.

4. Heat exchanger used:

Aluminium vessel and plate of 2 mm thickness.
Copper plate of 1 mm thickness.

5. Light: LED

Colour: Blue

Operating Voltage: 2.6 - 2.8V

Operating Temperature : -40~+85 °C

Power dissipation : 120 W

Lumen : 0.3 Lumen

6. Battery: Pure LED TIN Battery

Voltge: 12V

Capacity: 12Ah

7. Heat source

Tea candles and Gas stove

8. Booster cicuit

S5v booster board to regulate the output power.







Exp 1

Exp 7

Exp 11

Heat source:

3 Tea Candles

3 Tea Candles

3 Tea Candles

3 Tea Candles

3 Tea Candles

2 Tea Candles

3Tea Candles

3Tea Candles

Commercial gas stove

3 Tea candles

4 Tea candles

Heat side sink:

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness

Rectangular aluminium
plate of 2mm thickness(24x5)

Rectangular Copper
plate of 2mm thickness(24x5)

Rectangular copper
plate of 2mm thickness(24x5)

Cool side sink:

Aluminium vessel with
1/2 litre water.

Aluminium vessel with
1/2 litre water.

Aluminium vessel with
1/2 litre water.

Aluminium vessel with
1/2 litre water.

Aluminium vessel with
1/2 litre water.

CPU cooling sink with fan

CPU cooling sink with fan

CPU cooling sink without fan

CPU cooling sink with/without fan

CPU cooling sink without fan

CPU cooling sink with/without fan

Distance from heat source to sensor:

Direct 15cm 10cm 8cm 4cm Direct Direct Direct 15cm 15¢cm 4cm
Max voltage recorded: 4.2V 0.9V 1.2V 1.3V 1.5V 1.2V 2.8V 2.2V 2.1V 0.7v 2.9V
Light output: l . :
good -Blue LED was ON No output No output No output No output no output light on light off No output No output yes
Time: 4 mins 5 mins 6 mins 3 mins 15 mins 10 mins 5 mins

Experimenting with long plate to understand effect of

heat exchange

Experimenting with fan cooled sink and cooper heat sink.

Experiment with commercial gas stove and fan cooled sink.




Insights from the
experiment:




Scenario
study




Final Design Design a device to produce power,

Brief using Thermo electric generator and
use it for the secondary lighting during
power cuts and load shedding.
The device should function as a
replacement for the torch lights and
emergency lights in middle class
houses of India which uses gas stoves.
It should also have to work with the
conventional grid power and should

support charging of mobile phones
and low power gadgets.

The main objective is to enhance the
reliability and efficiency of lighting by
saving cost and power.

The device should go with the other
kitchen elements.
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Ideation




gea 1:.1EG Fowerea by exising sources ana energy
ar-vesting meth

Od.

Using the body heat, while sitting
on a chair. But the power
production is very miniscule.

The idea is to produce light from the
existing stove, But due to safety concern
because of the excessive heat dessipated
from the sink and the lack of air flow
inside the stove, made it unproceedable.




|dea 2: Direct Heating

Simple and direct heating technique is
applied to produce power and use it for
lighting. This can be used outside the
kitchen also.

These ideas can just enhance the
luminosity of light produced from a
candle, with the hlep of LED’s.

The cooling fins and scalability of power
production is not explored.

This is not energy harvesting, It is
dependent on candles and power storage
option not recommended.



|dea 3: Water based cooling
TEG is powered by using the
heat from kitchen stove and the
cooling from the water sink.

This idea gives the possibility of
producing high temperature
difference.

This could work only in island
kitchen. hence it cant be applied
to the existing stoves




ldea 3: Water based cooling

TEG is powered by using the heat from
kitchen stove and the cooling from the water
tubes, which are solar tubes.

This idea gives the possibility of producing
high temperature difference.

This actually is a hybrid lighting, but water
which is stationary inside the tube tend to
get heated very fast because of the cooling
fins.



|ldea 4: Cooling using ventilation in the
kitchen

This uses the heat from kitchen stove and
the cooling is done by the ventilation of
the kitchen, which is powered by either
grid power or power from TEG .
Ventilation is not very common in many of
the houses in India, and running the fan

in itself very power demanding




|ldea 5: wall mounted TE generator:

The device is fixed to the wall, so that the
space constrain between the stove and
the wall could be sorted, considering the
fact that the stove is not moved very
often.

The lighting is adjustable and portable,
but the device is fixed which is difficult for
maintenance.

The device doesn’t support cooling part
of TEG




|ldea 6: Cool cool fins

The device supports the cooling
end. It will increase the efficiency of
power production, but the base of
the form is not compatible with the
less and cramped kitchen space
around the stove.

The form in itself will help in
cooling the TEG.



|dea 7: Power Tree

The device has the modular lighting ends, which will help in the
portability of light as separate elements.

And the whole tree can act as the heat dissipating

unit.

The device wont occupy much space behind the kitchen. Like tree the
elements keep on increasing.

The problem is dissipation of the heat is not standardised. And it may
affect the components.

Difficulty in maintaining the device from the spillages around the stove.




Idea 2

Idea 1 (Forced air- Idea 3 idea 4 Idea 5 idea 6
(Direct Heating) fan ventilation) (Wall mounted) (power tree) (Cool cool sink) (water cool)
Efficiency of Heating 4 3 2 3 3 3
Efficiency of Cooling 3 4 1 3 4 4
Portability and
adjustability 4 2 1 4 4 2
Modularity of light 3 3 2 4 2 2
Multi functionality 2 4 2 4 2 4
Maintanance 4 3 4 3 4 2
Manufacturability 3 3 3 3 3 3
Total 23 22 15 24 22 20
Quanlitative:
Battery capacity no yes no yes no yes
Additionla support for
power generation yes no no no no yes
Charging option no yes yes yes no yes
Grid connected no yes no yes no yes/ no
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-The form helps to keep the device behind the
stove.

-The broad base and the battery behind the main
structure helps to counter balance the weight of
the heat sink.

-The secondary light is detachable and can be used
as torch.

The isometric back view
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Options and

analysis
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Product description




Prototyping

Fabrication




1:2 ratio prototype is made to study the working
and the form factor of the product.
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