[Year]

[Document title]
[DOCUMENT SUBTITLE]
RISALAT AHMED

Table of Contents

Background: ............................................................................................................................................ 1
Project Brief: ........................................................................................................................................... 3
Project Activities: ................................................................................................................................... 3
Phase-A ............................................................................................................................................... 3
Phase-B ............................................................................................................................................... 3
Parts of Solar Pipe Light: ................................................................................................................. 3
Material Selection: .......................................................................................................................... 3
Cottage Proto-type: ........................................................................................................................ 6
SME Proto-type ............................................................................................................................... 7
Phase-C ............................................................................................................................................... 8
(a) Water Leakage Testing: ............................................................................................................ 8
(b)Rust Vulnerability Testing: ........................................................................................................ 9
(c)Light Output Testing:.................................................................................................................. 9
(d)Thermal Conductivity Testing: ................................................................................................ 10
Cottage Business Case Study: .............................................................................................................. 11
SME Case Study: ................................................................................................................................... 12
Conclusion: ........................................................................................................................................... 14
References ............................................................................................................................................ 15

Per Unit Cost
(Commercial)

Background:
Bangladesh is one of the most densely
populated countries in world, which has
the history of having constant increase in
GDP over a decade, along with increase in
energy demand. As per the projected
growth, Bangladesh needs to promote
more efficient use of existing energy
resources, both on the supply and demand
sides. In this situation, Government of
Bangladesh is more interested to promote
Renewable Energy sources and Energy
Efficient Technologies in addition to the
conventional energy. Moreover energy
efficiency improvement has become a
great concern to reduce the misuse of
electricity in innovative ways especially in
commercial sectors both for energy
conservation and economical gains.
It has been observed that, in most of the
commercial places, a huge amount of
electricity has been misused for daytime
lighting. However presently the share of
electricity consumption in lighting sector is
more than 15% of the total power
generated,
whereas
electricity
consumption by industries in lighting is
around 30% (Source: BUET). Under such
circumstances, alternate energy is a viable
measure for industries to reduce fuel
consumption and production cost and
thereby to remain competitive and
increase profitability.
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Graph 1: Average Electricity Cost/per unit (Commercial)

Efficient Natural Lighting
through Solar Pipe Light:
Our traditional mindset promotes to meet
energy crisis only by increasing energy
production, but not by adapting
alternatives.
It means more consumption of fossil fuels,
more carbon emission and leading the
future to an uncertainty as well as creating
energy crisis. In this situation, energy
efficiency improvement has become a
greater concern to reduce the misuse of
electricity to address energy crisis through
a proper plan of demand side
management. Nurturing innovations and
ideas can also address energy crisis through
demand side management.

However the commercial cost of electricity
has been doubled in last 15 years and
constantly increasing. To keep the price of
electricity stable, it is more important to
use
electricity
efficiently
than
generation/production.
Diagram 1: Industrial Solar Pipe Light

Solar Pipe Light is one of the simple and
innovative idea of channeling the day light
through a reflective hallow pipe into the
industries to ensure proper illumination
without any electricity or energy
consumption. Light is one of the most
copiously available forms of energy at day
time on the planet (McFadden, 1980).
Though, the sunlight is available in
abundant, still the industries are highly
dependent on artificial lighting system even
in daytime because of traditional building
patterns. However proper use of sunlight
in day time can led Bangladesh to achieve
the status of energy security.
Daylighting is
the
practice
of
placing windows or
other
openings
and reflective surfaces so that during the
day natural
light provides
effective
internal lighting. Particular attention is
given to daylighting while designing a
building when the aim is to maximize visual
comfort or to reduce energy consumption.
Artificial lighting energy use can be
reduced by simply improving the daylight
circulation, a process which is known
as daylight harvesting. Solar Pipe Light is a
tubular lighting device which is installed at
the roof level and transmits light to an area
of the interior simply by sunlight reflection.
Solar Pipe Lights harvest daylight through
the roof mounted dome with diameters
ranging from 14 inches to 22. They’re made
from acrylic or
polycarbonate
dome,
reflective pipe and the diffusing material
which redirects sun light into the rooms
(wikipedia, 2015).
Tubular Daylighting Devices use modern
setup to transmit visible light through the
roofs. The tube itself is a passive
component consisting of either a simple

reflective interior plane. It is capped with a
transparent, roof-mounted dome 'light
collector' and terminated with a diffuser
that admits the daylight into interior spaces
and distributes the available light energy
evenly. The use of Tubular Daylighting
Devices in commercial applications is
known as daylighting. Daylighting falls
under
the
larger
umbrella
of
sustainable or green building.

Project Brief:
“R&D of the Industrial Solar Pipe Light” is a
yearlong project jointly implemented by
Sustainable Energy for Development (SED)
project of GIZ and CHANGE which started in
November, 2014 with a specific goal of
developing the natural lighting device with
locally available raw materials and
knowhow. From the primary research, it
has been found that the existing natural
lighting technologies are expensive and
complex to adapt by the local industrialists.
Overcoming these two challenges could
spread out efficiency improvement idea
nationwide and conserve huge amount of
electricity from lighting sector.

Phases
PhaseA

Time
Two
Months

PhaseB

Three
Months

PhaseC

Six
Months

Activities
o Testing Lab
Setup
o Market
Research
o Tools and
Material
Procurement
o Tools
Customization
o Designing
Proto-types
o Developing
Proto-types
o Testing and
Data collection
o Finalizing
Proto-type
o Acquiring
Certificate
o Piloting
o Final Report

Phase-A

Project Activities:
A yearlong research and development of
the solar pipe light has been conducted
very professionally with different partners
following the execution plan. R&D activities
were divided into three phases:

Highly talented and technically sound
members including engineers, technicians
and market analysts have been gathered
together to conduct the research. As the
concept is very new in our country, proper
lab and testing facility have been setup
according to the requirement. The lab has
been customized by keeping in-mind the
industrial environment, the height and the
rooftop material simulating the industries.
Depending on the requirement, tools and
equipment have been procured and
customized. Also an in-depth market
analysis has been conducted for material
selection considering the affordability,
availability and longevity.

Parts of Solar Pipe Light:
Solar Pipe Light basically consists of four
different parts.
1.
2.
3.
4.

Polycarbonate Clear Dome
Mounting or Mother Frame
Tubular Reflector
Diffuser

Polycarbonate Clear Dome:
Photo 1: Tools used for the R&D project

Phase-B
In this phase, all the designs and
development of the proto-types have been
conducted. According to the industrial
structure, size and lighting demand, two
different size proto-types of Solar Pipe
Light have been designed and developed
for the cottage and SME factories. Prototype for the cottage industry is 14”
diameter and the proto-type for the SME
factory is 22” diameter.

Polycarbonate domes are neoteric plastic
building material used in various
engineering and they are produced through
advanced thermoforming techniques using
high quality polycarbonate solid sheets.
Having the performance of light weight,
high impact resistance, excellent light
performance and weather resistance, they
are widely for daytime lighting.
For the R&D project, two sizes of clear
polycarbonate domes have been imported
from china. Onwards, it has been planned
to produce these domes locally from
available polycarbonate sheets.

Tubular Reflector:

Tubular reflector is made from reflective
sheets with a diameter of 22” and height of
32”. This reflector is inserted through the
mounting.

Specifications:
Material: PC
Diameter:562mm
Height:185mm
Thickness: 2mm
Mounting or Mother Frame:

Solar Pipe Light Mounting is the mother of
all parts of the light which holds the dome,
tubular reflector and the diffuser with the
industrial rooftop. This mounting is made
from industrial tin which is 3’x3’ sq ft
horizontally and in the middle there is a
22.1” diameter hole with 8” vertical ring.
Both the ring and tin frame is joined with
continuous gas welding. Onwards the
whole mounting is coated with spray color.

Diffuser:

Diffuser is any device that diffuses or
spreads out or scatters light in some
manner, to give soft light. Diffuser is the
last part of the whole Solar Pipe Light
system which is fixed below the tubular
reflector. Diffuser filters the sunlight and
spreads the soft light inside the room
evenly. There are various kinds of diffusing
materials available in the market which
gives different color light.

Following factors were examined during the
final selection process:
Parameters

Print Film

Thickness

1.24 mm

Steam Heat
Sheet
.15 mm

Weight (1 sqf)

58 gram

38 gram

Reflection

7

5

Intensity1 (out
Material Selection:
Throughout material selection period,
various kinds of locally available materials
have been tested and compared. Onwards,
the best materials have been selected for
the proto-type development.

of 10 points)
Potentiality of Not traced

Traced

rusting
Availability

Available

Available

Metal Reflective Sheet

Different materials have different type of
light reflectivity.
PF Reflection

So far trialed reflective metal sheets are:
No.
1.

Name of the Metal
Sheets
Alloy Steam Heat

Thickness
Diffuser Materials

.15 mm

Sheet/Foil Sheet
2.

Bill

Board

Various
diffusing

Light

SHS Reflection

.20 mm

Reflective Sheet

kind

of

materials

are available in the
market and come in a

3.

Aluminum Alloy

.40 mm

4.

Print Film

1.24 mm

5.

Mom Polish Sheet

.28 mm

No.

6.

SS Sheet

.68 mm

1.

Poly-Carbon

1.24mm

2.

Clear Plastic Sheet

1.24 mm

3.

Milk White Plastic
Sheet

1.25 mm

variety of thickness.

Results:
Primarily two types of reflective materials:

Particulars

Thickness

SSH & PF have been selected considering
the reflectivity and even light distribution.
Print Film (PF) functionality results were
satisfactory.

1

Light Reflection reading has been taken from 23
points from 10 sq inch area and the numbering has
been given on the average of the 5 x-axis
individually. Each x-axis marking was out of 2.

Clear Dome:

166.5 avg

For the R&D project, two types of
Polycarbonate clear domes have been
imported from China. In in next phase, the
domes will be manufactured locally from
polycarbonate sheets.
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Cottage Proto-type:
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The height of the cottage factory is not
more then 15-18 feet and the area is also
smaller than the traditional factory. Based
on the dimension of the cottage industry,
the cottage proto-type has been designed
as 14” diameter with height of the
reflective pipe 10” to 14” depending on the
ground to rooftop height. 14” Pipe light
emits around 464% more light then a 30w
CFL Bulb covering around 300 sq ft area.
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14” diameter Pipe Light was compared with
a 30w CFL bulb.

Add one-two more lines of cottage type
prototype in a table which should include:

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝐶𝐹𝐿 𝐵𝑢𝑙𝑏
166.5 − 29.5
=
× 100 %
29.5

Lux values of 14” Solar Pipe Light:

≈ 464%

Time
7
8
9
10
11
12
13
14
15
16
17

Center
37
60
70
290
410
376
321
303
176
143
90
Total
Average

Angel
23
43
109
178
289
192
168
109
118
97
60

Average
30
51.5
89.5
234
349.5
284
244.5
206
147
120
75
166.4545

SME Proto-type
According to the height of the SME
factories and area, the design of the SME
proto-type has been finalized to 22”
diameter and height of the reflector pipe
from 24”-30”. One unit of SME solar pipe
light proto-type can illuminates equivalent
of a 500 watt CFL bulb covering around
750-800 sq ft area with a rooftop height of
25-35 feet.
Lux value of 22” Solar Pipe Light:
Time
7
8
9
10
11
12
13
14
15
16
17

Center
45.5
246
287.3
425.1
485
512
570
665
710
546
410
Total
Average

Angel
23.4
122
182
240.5
262
266
234
286
346
280
127

Average
34.45
184
234.65
332.8
373.5
389
402
475.5
528
413
268.5

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝐶𝐹𝐿 𝐵𝑢𝑙𝑏
330.5 − 65.5
=
× 100 %
65.5
≈ 404%

Phase-C
In this phase, various sets of data have
been collected from the testing rooms to
understand the output of different sizes of
Solar Pipe Light considering different
materials. Before finalizing the prototypes,
output of different kind of reflective
materials and diffusers have been
compared. To ensure the quality and
longevity of the device, following tests have
been conducted under the supervision of
the Department of Environmental Science
and Management of North South
University:
a.
b.
c.
d.

Water Leakage Testing
Rust Vulnerability Testing
Light Output Testing
Thermal Conductivity Testing

330.4909

(a) Water Leakage Testing:

330.5 avg
600
500

This testing was conducted to investigate
whether any water leakage occurs from the
rooftop because of the Solar Pipe Light
installation.

400

Methodology:
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22” diameter Pipe Light was compared with
a 65w CFL bulb.

The structure was exposed to working
conditions with water damage indicators.
Throughout a specific period the test has been
conducted.
Indicator Used:
Water
Damage
Indicator
Paper
Observation Method: Visual observation

Test:

sprayed at on the sample materials. The
test was conducted for 72 hours.

Both 14’’ and 22” diameter Pipe Light had been
installed in the testing room following the
proper method of installation given the natural
atmospheric environment. The structure was
tested under working conditions with Water
Damage indicator paper placed under the
structure which changes color if exposed to
water.
Result:

The reaction is, 2Fe(s) + 2H2O(l) +
O2(g)
2Fe2+(aq) + 4OH-(aq)
Result:
No instant foaming and rust formation
were observed on the reflector. Rust has
been observed on the mother frame
welding joints.

No water leakage has been observed
throughout three weeks of natural rainfall of
mm average of March

The whole

construction has undergone thunderstorms
with wind speeds of up to

kmph on

April
The structure is proven to be water leakage
resistance.

(b)Rust Vulnerability Testing:
As the mounting and the tubular reflector are
metallic, rust vulnerability testing is very
important to identify the rust vulnerable parts
to take necessary measures to resist rusting.

Methodology:
An accelerated method implies that the
test was designed to force rusting faster
than natural procedures
Chemicals Used:
 H2O2 → 16 ozs
 CH3COOH → 6 ozs
 NaCl → ½ Table Spoon
Observation Method: Visual Observation
Test:
Solution made with the following chemicals
accelerates the oxidation process of iron
which creates rust. The solution was

Recommendations:
Enamel color coating or zinc galvanizing
could be a simple method to resist the
mother frame welding joints from rusting.

(c)Light Output Testing:
It is very important to understand the light
output of Solar Pipe Light and generalize a
standard size considering the local industrial
environments. Outputs of Solar Pipe Lights
have been compared with different sizes of CFL
bulbs to set an appropriate parameter to
calculate electricity savings and CO2 emission
reduction.

Methodology:
Solar Pipe Light illumination has been
compared with different CFL bulbs. Both 14”
and 22” Pipe Light structure was installed in the
testing room. Lux values were taken at the

center from a constant height of 30” and at a
distance of 72” from the center every after one
hour from 7 am to 4 pm. Afterwards, The Solar
Pipe light was sealed off and a source of
illumination was introduced at the exact same
height under identical circumstances. The lux

values were noted for the source and a
percentage comparison was derived.
𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝐶𝐹𝐿 𝐵𝑢𝑙𝑏
=

𝑙𝑢𝑥 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑙𝑎𝑟 𝑝𝑖𝑝𝑒𝑙𝑖𝑔ℎ𝑡 − 𝑙𝑢𝑥 𝑜𝑓 𝑎 𝐶𝐹𝐿 𝑏𝑢𝑙𝑏
× 100 %
𝑙𝑢𝑥 𝑜𝑓 𝑎 𝐶𝐹𝐿 𝑏𝑢𝑙𝑏

22” diameter Pipe Light was compared with
a 65w CFL bulb.
𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝐶𝐹𝐿 𝐵𝑢𝑙𝑏
330.5 − 65.5
=
× 100 %
65.5
≈ 404%

Result:
14” Pipe light emits 464% more light then a
30w CFL Bulb covering around 300 sq ft
area and 22” diameter Pipe Light emits
404% more light then a 65w CFL Bulb
covering around 750 sq ft area.

(d)Thermal Conductivity Testing:
As the light is directly channeling sunlight
inside, it is very important to investigate
the temperature change for the
intervention.
Because
increase
in
temperature could be uncomfortable for
the workers. Considering this issue room
temperature has been monitored both
before and after installing the Solar Pipe
Light in the testing lab.

Instruments Used: Lux Meter
Observation Method: Quantitative Data
Analysis
Methodology:
Test:
14” diameter Pipe Light was compared with
a 30w CFL bulb.
𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑡𝑜 𝐶𝐹𝐿 𝐵𝑢𝑙𝑏
166.5 − 29.5
=
× 100 %
29.5
≈ 464%

To observe the room temperature change
because of the Pipe Light intervention, the
measurement was taken before and after
the
installation
of
the
device.
Instruments Used: Digital Thermometer
Observation Method: Quantitative Data

Test:
By covering the Pipe Light, temperature of
the room was measured before and after
installing the pipe light. The tests were
conducted on 12 pm, 5th June, 2015.
Room Temperature without Pipe Light: 35˚
Celsius
Room temperature with Pipe Light: 35.07˚
Celsius

electricity only to ensure daytime lighting.
According to Imran, the pipe light not only
solved the blackout problem, but also
saving around 240 BDT3 monthly electricity
bill. He also added that the productivity of
the worker’s has increased. The factory is
also reducing around 15.5 KGs of CO2
emission monthly.

Result:
The Pipe Light exhibits a mere 0.07˚ Celsius
increase in room temperature working at
full
brightness
which
is
barely
interventional.

Cottage Business Case Study:
Imran’s livelihood depends on his own tin
shaded swing factory located at Baoneabadh slum, Mirpur. Like others, Imran’s
factory also remains as dark as night
because of congested one after another
settlements. As a result he is opt to use
electric bulbs even during daytime,
misusing huge amount of electricity. This
worries Imran as the electricity outages
leave his factory completely dark and
production comes to halt. Load-shedding is
also very frequent, lasting from 2-4 hours
during the peak hours every day. The
situation has put the owner in distress as
this is creating losses. Knowing about the
day time lighting solution Imran became
very curious and installed a 14” diameter
Solar Pipe Light and turned the dark and
gloomy factory to a better workstation.
Before installing the solar pipe light, the
factory was using six 15 watt power CFL
bulbs throughout the whole day which was
misusing around 22.5 units/ monthly2 of
3
2

15W X 6 bulbs X 10hrs X 25 days= 22.5 Units

Per unit commercial electricity price is around 11
BDT.

SME Case Study:
Mark Ice-cream, a SME factory located in
BSCIC (Bangladesh Small Cottage Industries
Corporation) industrial zone in Dhamrai,
Savar. The total production area is around
3000 Square feet. Factory produces various
types of ice-cream most of the year and
which are usually distributed in Savar and
Kalampur locations. During winter factory
produces various chocolates and cup jellies.
There are two main units in the factory, the
production room and cold storage which
are 40 feet in length and 25 feet in width
with a height of 30 feet. The production
room has various machineries such as
boilers, mixers, pasteurizers etc. The cold
storage room has two cold storages to
store the ice-cream before distribution. The
factory is operated during peak hours from
8 am to 5 pm.
The factory was illuminated by two 65w
and four 35w CFL bulbs which was
consuming total 2.7 units of electricity daily
in daytime. Before installing the solar pipe
light units, workers were used to work in a
very insufficient lighting condition.
Minimum 100 lux of light is recommended
for the industries (SAIF Corporation , 2015),
where it has been found only 20 lux on an
average at Marks Ice Cream factory. The
intervention is saving around 842
units/yearly electricity which is also
reducing around 432 kg of CO2 emission4.
As an innovative and cost saving solution
three 22’’ diameter Solar Pipe Lights have
been installed on the two rooms of the
factory. Both of the lights are covering
4

2.7 units/daily X 26 days X 12 month = 842.2
units/yearly
842.2 units X 513 grams CO2 / 1000 = 432.04 kg CO2
(1 unit electricity production emits 513 grams of
CO2, IEA, 2012)

around 2400 sq ft area and ensuring
equivalent of 1500 watt CFL bulb. The
performance of the solar tube impressed
both the owner and the worker. The light
condition improved from 20 lux to 100 lux
at working table height without any
electrical bulbs (Industry standard for Desk
Height, 2015). The factory owner
mentioned that the light has done more
than just illumination; he explained how
these lights are allowing to keep his factory
more hygienic. The owner expressed the
cost saving as well as productivity
improvement. In addition he appreciated
the fact of zero operational and
maintenance cost. Both the owner and
workers are very happy to see such
innovative new customized simple solution.

Before Installation:

Challenges:

• Two 65W and four 35W CFL bulbs were
consuming total 2.7 units of electricity
daily in daytime (70.2 Units/monthly)

•

• Workers were working in insufficient
lighting condition (20 lux found on an
average from 750 sq ft area)

Traditional industries(cottage and
small) have very poor roof top
structure:
o Using poor material
o Rustiness
o Existing leakages

•

Mounting making is time consuming
for both cottage and small industries

•

Rain water clots on the upper side
portion of the mounting

•

14”
diameter
light
illuminates
excessive
light
and
causes
temperature increase

•

Cottage industries are reluctant to
afford the cost

is

•

Lack of willingness to invest for day
lighting device

• Reducing around 432 kg of CO2 emission

•

Lack of awareness on
conservation

After Installation:
• Improved lighting condition from 20 lux
to 70 lux
• Yearly estimated energy saving
around 842 units

electricity

Conclusion:
Solar Pipe Light or the Natural Lighting
Device has huge potentiality to conserve
energy and reduce CO2 emission
significantly. On an average, nineteen
percent of the energy produced goes into
lighting (International Energy Annual 2006).
Most of the Commercial/Industrial
enterprises require light in day time and
this can be easily replaced with natural
lighting solution. The geographical position
of Bangladesh allows on an average 12
hours of daylight with high intensity to
moderate intensity throughout the year.
Various countries such as USA, Europe and
India is already using natural lighting in all
three sectors –residential, commercial and
industrial, for daytime lighting in order to
prevent the misuse of energy/electricity.
Developing
countries
with
limited
resources, such as Bangladesh, needs to
look into using its limited supply of energy
more efficiently.
If we consider the implementation of Solar
Pipe Light nationwide starting from
industries, a vast amounts of energy can be
saved and also less dependent on the
imports of lighting equipment.
In order to cope with the power crisis,
various industries are installing captive
power plants for reserve or to provide
additional power. Though, this might seem
to be a solution, but in reality this is only
creating a need for fuel imports or
generation of electricity.
Solar Pipe Light can reduce this matter,
which has been designed and developed
with locally available materials, ensuring
less dependency on imports. These lights
can be easily installed in existing factories
without any kind of structural change of

the industries. Bangladesh has achieved the
fastest growth rate for installing solar
home systems in the world, at a rate of
70,000 systems every month. Over 3.8
million systems have already been installed
with
support
from
development
partners*(Dhaka tribune). This goes to
show that various sectors of the country
are open to implementing renewable
sources of energy and this simple natural
lighting device has also seen a similar
reaction.
Support and guidance of the government
and other development agencies can lead
the initiative for a nationwide upscaling
through
policy
advocacy,
market
development and strengthening capacity.
According to the feasibility study initiated
by German Development Cooperation (GIZ)
Solar Pipe Light has proven to be a strong
alternative to daylight electrical lighting.
With no electrical or moving parts, this
device has unparalleled reliability and a
performance that dwarfs electrical forms of
illumination.
This new innovative and simple solution
can assist to reduce the load from the
national grid during peak hours and thus
expedite Bangladesh Government to
achieve its target: generating 10% (2000
MW) of total energy production will be
from RE by 2020 and 15% of primary and
secondary energy saving by 2020.
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