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 On 25th September 2015, 193 member countries of the UN General Assembly adopted the 
2030 Development Agenda titled “Transforming our world: the 2030 Agenda for Sustainable 
Development”. This agenda has 17 Sustainable Development Goals (SDGs). Main thrust of SDGs 
is on overall sustainable development which also includes sustainable construction.

 For maintaining the Eco System of the Environment, sustainability is important element of 
construction industry. However, much of what we call sustainability has deep roots in quality. 
Quality is based on a set of values and beliefs at its centre, such as “do no harm,” “zero-waste”, 
“driving out fear” between management and employees. Quality is the symbol of human 
civilization and many issues such as innovation, ethics, trust and reputation could be regarded as 
parameters within Quality Management System (QMS).

 While these sound like the latest ambitious mantras of Corporate Social Responsibility (CSR), 
they are core principles and definitions of the quality movement, defined by the quality gurus 
decades ago.  Quality also has a very strong focus on people—not just customer satisfaction, 
but also quality of working life and employee satisfaction. The impact of quality extends beyond 
customer satisfaction; it can also have direct impact on organization’s reputation.

 Construction projects are an extremely complex process, involving a wide range of issues. 
There are plenty of factors affecting the quality of construction, such as design, materials, 
machinery, topography, geology, hydrology, meteorology, methods of operation, technical 
measures, construction technology and management systems and so on. 

 In construction, general perception for quality remains limited to quality control and quality 
assurance only and other important aspects of quality management are generally perceived non 
essential.

 An organisation focused on quality promotes a culture that results in the behaviour, attitude, 
activities, processes that deliver value through fulfilling the needs and expectations of customers 
and other relevant interested parties. 

 There is a need for implementation of the strict quality management system by  all the stake 
holders in the Construction industry  for ensuring sustainability. IBC is continuously working  in this 
direction to spread awareness among all stake holders in the construction industry to implement 
the quality management system in its true sense for ensuring sustainable construction.

(Pradeep Mittal)
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Activities of State/Local Centres 
Tamilnadu State Centre – Chennai
General Meeting of Tamilnadu 
Centre held on 11th Dec. , 2021

 On the initiative of Shri C. Debnath, Vice President, 
IBC, a Special General Meeting of  Indian Buildings 
Congress, Tamilnadu State Centre was held on                 
11th Dec., 2021  at 11:00 AM at the Conference Hall of 
the Association of Tamilnadu Highways Engineers, 
Saidapet, Chennai.  The meeting was presided over 
by Dr. T. Arul, Secretary, IBC, Tamilnadu Centre. Dr. T. 
Arul, welcomed all in the meeting. Thereafter Shri C. 
Debnath, Vice  President briefed about the role & vision 
of IBC, its activities and various issues related to IBC 
Centre of Tamilnadu alongwith rules & regulations for 
continuation of activity of the Centre.

Following decisions were taken in the meeting: 

 Request letter will be sent to the Engineer-in-Chief, 
PWD for providing two rooms in the office complex of 
E-in-Chief, PWD, Tamilnadu for office of IBC, Tamilnadu 
Centre. Till allotment of this accommodation, the office 
of the E-in-Chief, PWD, Tamilnadu will be considered for 
corresponding office address of IBC, Tamilnadu Centre. 
The committee meeting will be held on 3rd Saturday 
of every month.  The quarterly report of the Centre is 
to be submitted to the IBC HQ . The annual Report 
and Audited Accounts Report shall be submitted after 
the Annual General Meeting to be held sometime in 
April, 2022. Special drive will be initiated for expanding  
membership base of IBC.  Technical programmes will 

be organized on various subject in which IBC HQ will 
be requested to send experts.  Programme will be 
organized on construction materials and specification.

 The Executive Committee of IBC Tamilnadu Centre 
has been reconstituted which will function up to April 
2022 when the next Annual General Meeting will be held.  
The non members who are included in the committee, 
shall take the membership of IBC within one month.   A 
Working group of IBC, Tamilnadu centre will be created 
for better co-ordination amongst the members and 
for circulation of all information. The eleven member 
Committee has been constituted as detailed below. 

 Chairman- Sh.C. Kalyana Sundaram, SE, PWD; Vice 
Chairmen - Sh. M. Sappany Pillai, M.D., Ishwarya Homes 
and Sh. B. Dhanaseelan, DE, Highways; Secretary- Dr. T. 
Arul, Director, Vasanth Builders;  Asstt. Secretaries- Dr. 
R.N. Krishna, Consultant and Sh. K. A. Rajasekharan, 
SE,PWD;. Treasurer- Sh. R. Jeyakumar, M.D., RCC Ltd.; 
Asstt. Treasurer- Sh. K.Vinodh Raja, Consultant; Executive 
Members- Sh. K.C. Sabari, Consultant, Sh. J.Tamilselvan, 
E.E., TnEB and Sh.K. Venkatesan, E.E., Southern Railways.

Puducherry Local IBC Centre 
General Meeting of Puducherry 
Centre held on 13th Dec., 2021

 On the active initiative of Shri C. Debnath 
incoordination with  Council Member Shri. V. 
Sathyamurthy, CE, PWD, Puducherry, a special General 
Meeting of the members of Indian Buildings Congress 
attached to Puducherry U.T. was held on 13th Dec., 
2021 noon at the Conference hall of office of the 
Superintending Engineer, Circle-II, PWD, Puducherry 
for formation of Centre.  Many engineers were present 
in the meeting who expressed their willingness to take 
membership of IBC. 

 Shri A. Rajasekharan, SE, PWD represented the Chief 
Engineer, PWD in the meeting. Shri A. Rajasekharan, 
SE, PWD, Puducherry welcomed all in the meeting. 
Thereafter Shri C. Debnath, Vice President, IBC briefed 
about the IBC’s activities and various issues related to 
the formation of IBC Centre at Puducherry alongwith 
rules and regulations for continuation of activities 
of the Centre.   In the meeting eleven member adhoc 
committee has been formed which will continue till next 
AGM in April 2022. In the adhoc committee, some names 
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have also been included who are not members of IBC.  
But as they shown keen interest to take membership 
of IBC within one month, it was dicided to include their 
names in the adhoc committee. 

The adhoc committee consisted of the following: 

 Chairman- Sh.V. Sathyamurthi, CE, PWD Puducherry; 
Vice Chairmen- Sh. R.P. Lokhande, SE, CPWD Puducherry, 
Sh. S. Sammanthane, AE, PWD Puducherry; Secretary- 
Dr.  S. Thirougnaname, AE, PWD Puducherry; Asstt. 
Secretaries- Sh. S. Sivakandan, Builder & Valuer, Sh.S. 
Suresh, Builder & Valuer; Treasurer- Sh. V. Baskaran,  
Builder & Valuer; Asstt. Treasurer- Sh. C. Sadhasivam, 
Retd. AE, PWD Puducherry; Executive Members- Sh. 
T.V. Srinivas Murthy, Engineer-in-Charge, Aurobinda 
Ashram, Sh.V.R. Ajitchandran,  Builder & Valuer, Sh.S. 
Ramamoorthy Retd. AE, PWD Puducherry.

 In the meeting following decisions were taken- 
PWD will provide one room in the office of the S.E. 
Circle-I, PWD, Puducherry to use as office of IBC 
Puducherry Centre.  Request letter will be sent to Chief 
Engineer PWD, Puducherry for allotment of one room in 
the office complex of PWD Puducherry to use as office 
of  IBC,  Puducherry Centre.  The committee meeting 
will be held on 2nd Friday at 6:00 PM of every month. 
SE, CPWD also participated in the discussion and gave 
assurance for initiating special drive of membership of 
IBC in his organization. It was assured that before next 
AGM scheduled in April 2022, the membership strength 
will be increased to get recognition by the IBC HQ. Spl. 
Drive will be initiated to enroll Student Members. The 
quarterly report will be sent to HQ. by the Committee.

NATIONAL NEWS
Environmental Friendly 
Superabsorbent Cotton
 The Bhabha Atomic Research Centre (BARC), the 
premier nuclear research institute based in Mumbai, 
has developed a highly efficient super-hydrophobic 
(water disliking) and super-oleophilic (oil liking) cotton 
by radiation technology which is capable of tackling oil 
spills.

 “There is no absorbent currently available that can 
remove floating oil from the water surface and sediment 
oil (underwater) simultaneously,” said Dr. A.K. Mohanty, 
Director, BARC. 

 This biodegradable superabsorbent can be used 
multiple times around 50 to 100.

 In December 2020, an Indian patent was granted 
on this unique superabsorbent and the technology was 
transferred to a private company, according to a press 
statement issued on 23rd July, 2021.

 He informed that the “Superabsorbent Cotton” has 
been developed by Dr. Subhendu Ray Chowdhury, a 
scientist working in Isotope and Radiation Application 
Division, BARC and he has been conferred with National 
Award for Technology Innovation, 2019 by the Ministry 
of Chemicals and Fertilizers, Government of India for 
this innovation.

 The material was developed by bio-inspired 
molecular-scale surface engineering through tuning 
of surface roughness (topography) and surface energy 
with the help of radiation-assisted covalent integration. 
Typically, one gram of the material can pick up a 

Corrigendum
Built Environment Sept-
Oct. 2021 issue, page no. 

8, against serial no. 5, O/o 
the EE (Air force), MES may 
be read as O/o the CE (Air 

force), MES.
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minimum of 1.5 kg of oil from water media which can be 
recollected by simple squeezing or compression from 
the superabsorbent cotton.

 The cotton can be used for the removal of toxic 
organic liquids such as Benzene, Toluene, Ethylbenzene, 
Chloroform, Dichloromethane, Tributyl Phosphate 
(TBP), Triphenyl Phosphate (TPP), etc. from industrial or 
municipal wastewater.

 In addition to this, superabsorbent cotton can also 
be used for the separation of various oily solvents in 
industry/laboratory setups and cleaning of solid surfaces 
in oil stations, spillage on road, etc.

 The cotton retains its property and performance 
in acidic, alkaline, sea environment and even at high 
temperature. After multiple usages, the cotton can be 
disposed of without any hassles as it is biodegradable.

 Conventional oil removal techniques generate 
secondary pollution and lose the oil either due to burning 
or  consumed by microorganisms. However, the current 
technique is cost-effective, recovers the oil and adds 
value to the environment as well as the economy.

 The process to produce superabsorbent cotton in 
large quantities has been developed and scaled up. Due 
to design flexibility and weather resistance, this material 
can be packed and stored as per requirement. Thus, 
in the ‘Swachh Bharat Abhiyan’ of the Government of 
India, it is a contribution of BARC, Dr. P. K. Pujari, Director, 
Radiochemistry & Isotope Group, BARC said.

Recycling Plastic Waste  into 
Fabric 
 Developing an idea for making the world better has 
no age limit as it is a collective responsibility of everyone. 
Following the same responsibility, a 17-year-old boy 
from Rajasthan, Aditya Banger, has applied an innovative 
idea for reducing plastic waste. The boy has started a 
company named Trash to Treasure that turns waste into 
the fabric. He belongs to a family, which runs a textile 
manufacturing business. 

 The 17-year-old boy went on a trip to China with his 
uncle when he was in 10th standard, with the purpose 
to import new fabrics manufacturing techniques in India. 
During the business trip, Aditya came across a unit that 
was converting massive amounts of waste into the fabric. 
This technique also created employment in the local area. 

After coming back to India, he shared the startup idea of 
producing fabric from plastic with his family. 

 Listening to Aditya’s idea, his uncle and parents 
agreed to back the venture and collaborated with a 
foreign company to set up a manufacturing unit in 
Bhilwara. The company produces fabric for Kanchan India 
Limited, a textile business company run by his parents. 
Aditya’s venture now produces durable fabrics from PET-
grade plastic and sells them further so that wearables 
and other products can be made out of them.  

 The plastic waste for producing fabric is collected 
from local sources and households. It is thoroughly 
cleaned to get rid of all the adultering substances. After 
the cleansing process, it is chopped and melted into fine 
plastic filament. Later, the filament is mixed with cotton 
to produce high-quality fiber. 

 Aditya claims that it has been helping to eradicate 
almost 10,000 kg of plastic waste since January 2021. He 
used to purchase the waste at Rs 40 per kilograms, which 
was not very cost-effective. Currently, the company has 
opened a portal for the general public who are keen to 
submit plastic waste. 

Country’s First Green Hydrogen 
Microgrid Project to come up at 
NTPC Simhadri Plant in Andhra 
Pradesh
 Green hydrogen is produced by splitting water into 
hydrogen and oxygen using an electrolyzer powered 
by renewable energy sources such as wind and solar. 
The fuel can be a game-changer for the energy 
security of India, which imports 85% of its oil and 53% 
of gas requirements. To promote clean fuels, India is 
considering making it mandatory for fertilizer plants 
and oil refineries to purchase green hydrogen.

 “NTPC Ltd, India’s largest integrated energy 
company has awarded project of ‘Standalone Fuel-
Cell based Micro-grid with hydrogen production 

Reader’s View

View dated 08/12/2021 of  Shri A. Ramchander  
(ML-2142)

“I am proud to say that magazine out of 5 to 7 
Professional Institutes which I am receiving, IBC 
Bi-monthly is best of all.”
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using electrolyser’ at NTPC Simhadri (Andhra Pradesh). 
This will be India’s first Green Hydrogen based Energy 
Storage Project and one of world’s largest,” NTPC said in 
a statement.

 “The hydrogen would be produced using the 
advanced 240 kW Solid Oxide Electrolyser by taking 
input power from the nearby Floating Solar project. The 
hydrogen produced during sunshine hours would be 
stored at high pressure and would be electrified using 
a 50 kW Solid Oxide Fuel Cell. The system would work in 
a standalone mode from 5 PM to 7 AM,” the statement 
said. Indian firms, including Reliance Industries Ltd, 
Adani Group, Greenko and Acme Solar Holdings Ltd, 
have announced their green hydrogen plans. During 
the International Solar Alliance (ISA) assembly, a solar 
hydrogen programme was also launched to produce the 
emission-free fuel at $2 per kg, sharply lower than the 
present price of $5 per kg.

 NTPC Renewable Energy Limited (NTPC REL) has 
also inked a pact with the Union territory of Ladakh for 
a green hydrogen mobility project, with the company 
along with NVVN jointly executing the project. India 
plans to soon call bids for building 4 gigawatt (GW) 
of electrolyzer capacity as part of its energy security 
strategy. “It would be a precursor to large scale hydrogen 
energy storage projects and would be useful for studying 
and deploying multiple microgrids in various off-grid 
and strategic locations of the country,” the statement 
added.

 As part of its diversification strategy, NTPC is also 
looking to leverage hydrogen for transportation by 
mixing the fuel with natural gas for City Gas Distribution 
(CGD) network.

 “This unique project configuration is designed 
in-house by NTPC. This unique project for India would 
open doors for decarbonising the far-off regions of 
the country like Ladakh, Jammu & Kashmir (J&K) etc., 
hitherto dependent on diesel generators. The project is 
in-line with the vision of the Hon’ble Prime Minister for 
becoming carbon neutral by 2070 and making Ladakh a 
carbon-neutral territory,” the statement said.

Passive Solar Architecture in Icy 
Ladakh - A Sustainable Buildings 
Construction Technology 
 Passive solar design takes advantage of a building’s 
location and climate with use of materials such as earth 

and local resources that will lead to low or almost nil 
use of energy for heating all through the day and still 
provides sufficient natural light.

 With the mercury dipping to minus 20 degrees 
Celsius or lower during winter nights, and about minus 
5 degrees Celsius at night during March and April, it 
becomes virtually impossible to live without proper 
heating in Ladakh.

 Ladakh is not connected to the national electricity 
grid. It has a few areas that get power from local 
hydropower plants while de-centralised solar power 
helps in many other remote areas but is highly 
inadequate.

 With extreme climatic conditions and remote 
habitations, Ladakh faces massive problems 
transporting diesel, kerosene and even firewood from 
long distances. It not just involves cost but also becomes 
a major contributing factor to air pollution in the fragile 
Himalayan ecology.

 Available sunshine for almost 300 days a year with 
high radiation is one of the best alternatives to offset the 
burning of fossil fuel adding to India’s overall emissions. 
As the third largest polluter in the world (after the US 
and China), India has pledged in the Paris Agreement 
to reduce dependence on fossil fuels and encourage 
renewables in its action plan to combat climate change.

 Wangchuk is one of the founders of the Students’ 
Educational and Cultural Movement of Ladakh 
(SECMOL). The SECMOL Alternative School, started in 
1988 with an aim to reform the educational system of 
Ladakh, is an eco-friendly campus near Leh town.

 The school buildings which are designed with 
passive solar architecture ( Earth and Sun Architecture)  
are heated without using any of the conventional energy 
sources releasing carbon dioxide. But the heating is so 
good that the temperature in the interiors of the main 
building at Phey village (near Leh) remains comfortable 
even in peak winter without electric-powered heating 
or firewood burning. The inside temperature of the 
buildings in SEMCOL designed with solar passive 
architecture remains steady at around 15o Celsius even 
at low outside  temperatures upto -15o Celsius.

 The most important feature of the concept — the 
south face of a building needs to be all windows, as it 
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gets maximum heat from sunrise to sunset exposure in 
winters.

 The SECMOL School’s main building’s south side has 
a huge thick plastic sheet attached to these windows 

which is available in abundance in North India. The 
insulation is at times air and at times a mixture of waste 
paper and dried grass. “The best example for insulation 
is the room where we have our water tanks,” Konchok 

Norgay the teacher in-charge of the SEMCOL school told 
indiaclimatedialogue.net. “We fill those up by diverting 
running water from a nearby spring at night, and even 
in peak winters, we can keep it in unfreeze condition.”

 “The idea of passive solar design is that it absorbs 
and traps all the heat directly from sunlight and the 
architecture lets us store it for long,” he said. “Even 
without using any energy-demanding artificial heating 
methods, we have been staying and running the school 
here every winter for more than a decade now.”

 During last three years four passive solar heating 
mud buildings have been constructed in the SEMCOL 
campus. The Ladakhi clay has been mixed with pumjab 
parali to manufacture Mud building blocks for walls 
which insulate the building.  The buildings are oriented 
towards south where double glazed facade windows 
have been fixed. Double glazed facade captures the 
solar energy and stores in no / low cost  water batteries 
because these batteries use water pockets as battery 
fluid and they are made of waste plastic bottles. At 
night the water bottles releases the heat to the rooms. 
In the walls, ceilings and floors, heavy insulation made 
of wood waste and wool waste from the local pashmina 
industry is provided. In January the inside temperature 
of the solar heated buildings has been 150 to 20o  Celsius 
whereas the outside temperature was -15o Celsius. 

 Over the years, acclimatisation and access to 
electricity to power tents at higher altitudes have been 
critical priorities for the Indian Armed Forces, especially 

at an angle. This stops strong chilly winds but allows 
sunlight and heat in winters. This sheet is rolled up in 
summer to let in fresh air and to avoid overheating.

 The top of the building has glass openings to keep 
the insides of the building well illuminated during the 
day and also trap heat in winters. Essentially, it is the 
double-layered, south-facing windows (plastic sheet 
and glass or both glass) of the main building and also 
that of the students’ hostel.

 The other sidewalls are made of thick mud with 
insulation in between. The mud is also mixed with parali 

Fig. Solar Passive Design

Fig.  Solar Passive Architecture

Fig.View of SECMOL School Building
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in the Northern borders. The lack of access to electricity 
for years has forced them to turn to other heating 
solutions like burning diesel, kerosene or firewood. The 
over-reliance on tents and heating solutions through 
diesel or firewood has become a major logistics issue for 
the security establishment, which is now finding new 
ways to keep the Armed Forces warm and healthy at the 
higher altitudes.

 The Indian Army had invited Sonam Wangchuk to 
its seminars on warm habitats in cold places like Ladakh. 
Two winters ago, Wangchuk and his team had even built 
a prototype of a cost-effective solar-heated mud-built 
house for officers, and the army has been testing it.

 “The Indian Army spends a lot of money and carbon 
for keeping soldiers warm in a cold place like Ladakh 
whereas Ladakh is one of the sunniest places,” Wangchuk 
told indiaclimatedialogue.net. “You don’t really need to 
drain national treasures to buy Qatar oil and become 
vulnerable to enemy fire on your supply line. You can be 

independent in every way using the sun. The model has 
been proved.” The technology can be extremely useful 
for the Indian Army establishments in the cold desert 
areas of Ladakh, J&K and North Eastern Region and can 
protect the environmental pollution from the burning 
of fossil fuel to a great extent besides recurring burden 
of the fuel cost on national exchequer.

 The idea that the relatively low-cost housing pattern 
can be of use in the long term has found many takers. 
It can generate lot of employment, become a source of  
Livelihood for housing entrepreneurs and can consume 
lot of parali available in north India which has become 
source of environmental pollution due to burning.

Fig.Solar Tent Design

INTERNATIONAL NEWS

Electricity Generation from 
Waves
 Electrical energy generated by harnessing the 
up-and-down motion of ocean waves. Wave power 
is typically produced by floating turbine platforms or 
buoys that rise and fall with the swells. However, wave 
power can be generated by exploiting the changes in air 
pressure occurring in wave capture chambers that face 
the sea or changes in wave pressure on the ocean floor.

 The areas of greatest potential for wave energy 
development are in the latitudes with the highest 
winds (latitudes 40°–60° N and S) on the eastern 
shores of the world’s oceans (which border the western 
edges of the continents). For instance, the world’s first 
operational wave power generator is located off the 
coast of Aguçadora, Portugal, producing as much as 
2.25 megawatts from three huge jointed tubes that float 
on the surface of the Atlantic Ocean; individual power 
generators are located at the tubes’ joints and activated 
by wave motion. In addition, a large potential for wave 
power systems exists in the British Isles  and the Pacific 
Northwest  of the United States. Estimates of the annual 
wave energy potential along the continental shelf of the 
U.S. coasts range between 1,170 and 2,640 terrawatt-
hours, equivalent to 33–65 percent of U.S. electricity 
demand in 2015.

 Despite the enormous energy potential of wave 
power, technical challenges remain. Research funding 
is low compared with that supporting solar, wind, and 
other renewable forms of energy, and thus the process 
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of experimentation and refinements with different wave 
energy collector designs is not as well developed. The 
development of massive machines for use in the oceans 
is expensive; salt water in the oceans corrodes steel 
and other metals, and the physical force of the waves 
fatigues wave energy collectors, transmission wires, and 
other infrastructure over time.

Create Fuel out of Thin Air: 
Engineers Founded A New Way 
of Creation
 Engineers in Switzerland have found a new way 
to create fuel ‘out of thin air’.  Scientists said they have 
created a new system that can create fuel out of sunlight 
and air.  The ETH Zurich scientists demonstrated the 
stable and reliable operation of the solar mini-refinery 
under real on sun conditions. This unique system can 
produce liquid transportation fuels such as methanol 
or kerosene. These are produced from sunlight and 
air in a multi stage thermochemical process.  What 
makes in new system unique is that it can work under 
field condition rather than in a laboratory.  The solar 
reactor needs direct sunlight, with no clouds in the way. 
The solar refinery consists of three thermo-chemical 
conversion units. 

 First unit captures direct air and extracts CO2 and 
H2O directly from the ambient air. Second the solar redox 
unit converts CO2 and H2O into a specific mixture of CO 
and H2 syngas and Third the gas-to-liquid synthesis unit 
finally converts the syngas into liquid hydrocarbon. 

 The new system produced drop-in- fuels.  These 
are synthetic alternatives for petroleum derived liquid 
hydrocarbon fuels such as kerosene and gasoline. 
Drops in fuels are fully compatible with the existing 
infrastructures for storage, distribution and use of 
transportation fuels. Drops in fuels are carbon neutral 
because solar energy is used for their production. They 
also release only as much CO2 during their combustion 
as was previously extracted from the air for their 
production. The system could be used to create carbon-
neutral fuels for sectors like aviation and shipping. 
Aviation and shipping currently contribute 8% of total 
human made CO2 emissions. Growth in tourism and 
global trade will increase this contribution further.

Meet Vinisha Umashankar, 
Indian teen who gave powerful 
speech at COP26 in Glasgow
 A 14 year old schoolgirl from Tamil Nadu Vinisha 
Umashankar had designed a solar-powered ironing cart 
useful for the common artisan with the potential to 
improve air quality across India. Vinisha Umashankar, is a 
finalist of Prince William’s Earthshot Prize, dubbed the Eco 
Oscars.

 Earthshot Prize finalist Vinisha Umashankar

 She delivered her powerful speech  during the 
World Leaders’ Summit “Accelerating Clean Technology 
Innovation and Deployment”, at the COP26 Summit, 
in Glasgow, Scotland, on Tuesday Nov. 2, 2021. In the 
U.N. climate summit in Scotland’s biggest city Glasgow, 
leaders from around the world had gathered to lay out 
their vision for addressing the common challenge of 
global warming. 

 In her powerful speech, she urged world leaders to 
“stop talking and start doing”. The student asked leaders 
to stand with her generation and back the innovations, 
solutions and projects working to repair the planet.

 “I’m not just a girl from India. I’m a girl from Earth 
and I’m proud to be so. I’m also a student, innovator, 
environmentalist and entrepreneur but most 
importantly, I’m an optimist,” she said emphatically 
in her speech that lasted less than five minutes. She 
received a rousing applause from the audience as well as 
Prince William, who stood on stage, proudly watching her 
speak.

 Prince William posted a message of appreciation for 
Umashankar, saying how proud he was to see her speak 
on the global platform.
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Highly Efficient -Ultra Thin 
Printable Solar Panels - A New 
Revolution in Power Generation
 The University of Newcastle, Australia has 
created printable photovoltaic solar cells which could 
revolutionize Urban Power Generation.  Ultra Thin Solar 
Panels can be printed like newspaper. The panels, which 
are only 0.075mm thick, were created with proprietary 
technology making use of organic polymers which can 
capture solar energy and conduct electricity.  Traditional 
photovoltaic solar panels rely on silicon to carry out these 
functions and can often weigh up to 15 kg per square 
meter.  The liquid nature of the organic polymer means it 
can be printed from printers much like those used to mass 
produce newspapers and books.  According to University 
of Newcastle physics Professor Paul Dastoor, printed solar 
technology has a number of broad applications such as 
power for  street lights, water pumps, disaster shelters, 
camping equipment, building smart blinds for buildings  
and even powering vehicles. The cost of production is 
also much cheaper than traditional panels coming in 
at around 10 Australian Dollar per  square meter.  A full 
scale commercial plant could print kilometers of solar 
panels a day. The printed sheets can also be stuck with 
a special adhesive tape to a variety of surfaces, meaning 
no expensive and intrusive installation methods.  The 
technology is currently on public display at ‘THE CANOPY’ 
in lane cove on Sydney’s north shore.  The panels which 
are attached to a covered walkway generate power for a 
series of lights that come on at night and track passers by 
with sensors.  

Ikjkyh ls cukbZ cSVªh] ykxr de vkSj 
pysxh T;knk
 Hkkjrh; izkS|ksfxdh  laLFkku ¼vkbZ-vkbZ-Vh½ :M+dh 
ds iwoZ Nk=ksa us fjpktsZcy cSVªh ds ekeys esa cM+h 
miyfC/k gkfly dh gSA mUgksaus iznwik.k dk Ik;kZ; 
le>s tkus okyh ijkyh ls cSVªh cukus dh rduhd 
fodflr dh gSA blls u dsoy fdlkuksa dh vk; 
c<+sxh] cfYd ijkyh ls gksus okys iznik.k dh leL;k 
ls Hkh futkr fey tk,xhA ;gh ugh] ijkyh tykus 
ls d`fik Hkwfe dh moZjk ’kfDr ij iM+us okys izfrdwy 
vlj dks Hkh [kRe fd;k tk ldsxkA iwoZ Nk=ksa ds 
LVkVZ vi ¼daiuh½ baMh ,uthZ us vkbZ-vkbZ-Vh- :M+dh 

esa HkkSfrd foKku foHkkx ds izksQslj ;ksxs’k ’kEkkZ 
dh vxqvkbZ esa ;g ’kks/k fd;kA

 izksQslj ;ksxs’k ’kekZ crkrs gS fd cSVªh cukus ds 
fy, dksckYV] fudy vkSj fyfFk;e tSls jklk;fud 
rRoksa dh t:jr gksrh gSA vHkh rd phu ds ikl 
gh budh miYkC/krk gSA ,sls esa cSVªh mRiknu ds {ks= 
esa Hkkjr iwjh rjg ls phu ij fuHkZj gSA Hkkjr dks 
bl {ks= esa vkRefuHkZj cukus ds fy, vkbZ-vkbZ-Vh- 
:M+dh ds iwoZ Nk=ksa ds LVkVZ vi us ;g rduhd 
fodflr dh gSA muds vuqlkj] Hkkjr esa fyfFk;e 
dk fodYi [kkstdj ,slh rduhd fodflr djus 
okyh baMh ,uthZ laHkor% igyh daiuh gksxhA mUgksaus 
crk;k fd ijkyh ls dkcZu cukus ds fy, Hkkjr 
ljdkj dh vksj ls vuqefr fey xbZ gS vkSj isVsaV 
djk fy;k x;k gSA  

vkbZ-vkbZ-Vh-:M+dh ds LVkVZ vi baMh ,uthZ dh Vhe dh 
vksj ls ijkyh ls cukbZ xbZ lksfM;e vk;u cSVªh

ijkyh ls cuk;k x;k dkcZu
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 dkcZu rS;kj djus ds fy, ijkyh dks NksVs&NksVs 
VqdM+ks es dkVk tk,xkA blds ckn dsfedy ls 
izksslsl djds HkV~Vh esa ,d fuf’Pkr rkieku ij xeZ 
djds blls dkcZu cuk;k tk,xkA muds vuqlkj 
mÙkj Hkkjr esa gj lky djhc 14&15 yk[k ehfVªd 
Vu ijkyh tykbZ tkrh gSA 

 izksQslj ;ksxs’k ’kekZ ds eqrkfcd] jklk;fud 
izfØ;k dk bLrseky dj ued ls lksfM;e vkSj 
ijkyh ls dkcZu cuk;k tk,xkA bu nksuksa dks 
feykdj lksfM;e vk;u cSVªh rS;kj dh tk,xhA 
ijkyh ls cuus okyh lksfM;e vk;u cSVªh dk iz;ksx 
eksckby] bysfDVªd okgu] lksyj LVªhV ykbV vkfn esa 
fd;k tk ldsxkA izksQslj ;ksxs’k ’kekZ ds vuqlkj] 
,d fdyks ijkyh dk iz;ksx djds 3000 ,e,p 
dh pkj cSfVª;ka cukbZ tk ldrh gSA 

 izksQslj ’kekZ us crk;k fd vkbZ-vkbZ-Vh- :M+dh 
ySc esa 500 ,e,p dh cSVªh cukus dk iz;ksx fd;k 
x;k] tks lQy jgkA LVkVZ vi us 10000 ,e,p 
rd dh cSVªh cukus dk y{; j[kk gSA blds fy, 
ik;yV izkstsDV ds rgr ijkyh ls dkCkZu cukus ds 
fy, vkbZ-vkbZ-Vh- :M+dh ifjlj esa IykaV LFkkfir 
fd;k tk,xkA TkYn gh bl ij dke ’kq: gks 
tk,xkA ijkyh ds fy, mÙkj izns’k vkSj mÙkjk[kaM ds 
fdlkuksa ls laidZ fd;k tk jgk gSA

 baMh ,uthZ ds lh-bZ-vks- Jh vkdk’k lksuh dk 
dguk gS fd bl cSVªh dh dher fyfFk;e cSVªh 
ds eqdkcy de gksxhA ;g T;knk le; rd Hkh 
pysxhA elyu fjD’kk pkydksa dks fyfFk;e dk cSVªh 
gj lky cnyuh iM+rh gS] ysfdu ;g cSVªh rhu ls 
ikap lky rd pysxhA 

 nqfu;kHkj eas cSVªh dk lkykuk dkjksckj djhc 
rhu yk[k djksM+ :i;s dk gSA Hkkjr esa ;g yxHkx 
30 gtkj djksM+ :i;s gSA ogha] gj lky djhc 
rhu djksM+ Vu ijkyh tykbZ tkrh gSA ;fn blls 
lksfM;e vk;u cSVªh cukbZ tk, rks iwjh nqfu;k ds 
dke vk ldrh gSA 

ekbul 30 fMxzh esa Hkh uy ls feysxk 
ty
 fgekpy izns’k ds ykgqy&Lihfr esa phu lhek 
ij MVs tokuksa dks lfnZ;ksa esa vc cQZ fi?kykdj 
ikuh ihus dh ukScr ugha vk,xhA dktk ds lenks 
esa vc ekbul 300 lsfYl;l rkieku esa Hkh 
tokuksa dks uy ls ty feysxkA ;kstuk dk uke gS 

Hkkjr frCcr lhek iqfyl ¼vkbZ-Vh-ch-ih-½ ,aM Mksxjk 
LdkmV mBkÅ is;ty ;kstukA  

 ty’kfDr foHkkx us dktk esa Lihfr unh ds 
fdukjs djhc ,d djksM+ #i;s dh ;kstuk ls 2700 
ehVj dh ÅpkbZ ij cksjosy ds tfj;s 24 ?kaVs ikuh 
igqpkus dh O;OkLFkk dh gSA ;gka 25]000 yhVj 
dh {kerk dh ikuh dh Vadh cukbZ xbZ gSA bl 
Vadh esa cksjosy dk ikuh fctyh ds eksVj ds tfj, 
p<+k;k tk,xkA Vadh ls 300 ehVj dh ÅapkbZ rd 
ikuh igqapkus ds fy, tks ikbiykbu Mkyh xbZ gS] 
mlds lkFk ghV Vªsflax dscy dks ,d fo’ksik Vsi 
ls tksM+k x;k gSA bl ikbiykbu dks rki dqpkyd 
¼cSM daMDVj½ ikyh;wjsFksu Qkse ls <d dj Hkwfexr 
fcNk;k tk,xkA ghV Vªsflax dscy esa fctyh dk 
izokg djus ls dscy dh Dok;y xeZ gks tkrh gS 
vkSj ikbi dk ikuh Hkh terk ugha gS] xeZ jgrk 
gSA bl ÅapkbZ ij vkbZ-Vh-ch-ih-] lsuk vkSj lhek 
lM+d laxBu ds toku M~;wVh ij rSukr jgrs gSA 
;gka ,d xkao esa djhc 150 yksx Hkh jgrs gSA 
blls ;kstuk ls djhc 2400 O;fDr;ks dh vkcknh 
dks YkkHk feysxkA  

Qlyksa dh flapkbZ ij fuHkZjrk de dj 
nsxk ;g cSDVhfj;k
 foKkfu;ksa dks ,d ,slk thok.kq ¼CkSDVhfj;k½ 
gkFk yxk gS] tks d`fik {ks= esa ÅtkZ] ty vkSj 
vFkZ  izca/ku dks iwjh rjg cny ldrk gSA bl 
cSDVhfj;k ds iz;ksx ls ljlksa dh Qly fcuk 
flapkbZ ygygk,xh rks xsgaw dh Qly dks nks flapkbZ 
dh gh vko’;drk gksxhA ;g cSDVhfj;k Qly dks 
eqj>kus ;k lw[kus ugha nsrk gSA blls flapkbZ esa 
gksus okys [kpZ es cpr gksxh vkSj bZ/ku ¼Mhty vkSj 
fctyh½ dh [kir Hkh ?kVkbZ tk ldsxhA lcls cM+h 
ckr ihus ;ksX; HkwxHkZ ty dk flapkbZ esa bLrseky 
de gksxkA

 mÙkj izns’k ds eÅ tuin ds dq’kekSj fLFkr 
jkiVªh; d`fik mi;ksxh lw{etho C;wjks ¼,u-ch-,-vkbZ-
,e-½ ds foKkfu;ksa us bl cSDVhfj;k dks mPp yo.k 
lkanzrk ¼gkbZ lkYV daluVªs’ku½ okys {ks= ls [kkstk 
gSA C;wjks ds funs’kd Mk- vfuy dqekj lDlsuk ds 
funsZ’ku esa ofjiB foKkuh Mk- fgyksy pdnj o iz/kku 
foKkuh Mk- vkyksd JhokLro us v/;;u esa ik;k 
fd ;g ,d iwjk cSDVhfj;k gSA bldk vFkZ ;g gqvk 
fd ;g cSDVhfj;k ds Kkr bfrgkl ls Hkh iqjkuk gSA 
foKkfu;ksa us iz;ksx esa ik;k fd  xsgaw vkSj ljlksa 
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ds cht  dks bl cSDVhfj;k ls mipkfjr dj cksvkbZ 
djus ls ;g mUgs bruh ’kfDr iznku djrk gS fd 
ljlksa dh Qly dks ’khr ;k vklikl ds [ksrksa ls 
egt ueh feyrh jgs rks flapkbZ dh t#jr ugha 
jg tkrhA xsgaw dh Qly dks Hkh rhu ds ctk; nks 
flapkbZ dh vko’;drk gh jg tkrh gSA Mk- JhokLro 
us viuk ;g ’kks/k gky gh esa ch-,p-;w- es 15oha 
d`fik foKku dkaxzsl esa izLRkqr fd;k FkkA 

 ;g cSDVhfj;k tM+ksa ds lkFk feV~Vh esa dkyksuh 
cuk ysrk gS vkSj ikS/ks esa vko’;d iksikd rRoksa dh 
deh dks iwjk djrk gSA blesa ,sls xq.k ik, tkrs 
gS tks ikuh dh deh ds dkj.k ikS/kksa esa iSnk gksus 
okys ruko ds f[kykQ etcwrh iznku djrs gSaA ;g 
cSDVhfj;k ikS/kksa dks bruk rkdroj cukrk gS fd 
foijhr ekSle esa Hkh Qly ygygkrh jgrh gSA 

 Mk- JhokLro us crk;k fd bl cSDVhfj;k ls 
ikuh] ba/ku] ifjogu vkSj ekuo Je dh cpr dj 
xsgaw dh [ksrh dh ykxr dks djhc 33 Qhln rd 
?kVk;k tk ldrk gSA xsgw fo’o esa lcls T;knk 
mitkbZ tkus okyk Qly gSA ,d flapkbZ de gksus 
ls oSf’od Lrj ij cpr dk vuqeku yxk;k tk 
ldrk gSA

nks fd’kksj ckydksa dk vuwBk i;kZoj.k  
lq/kkj vfHk;ku
 i;kZoj.k dks cpkus dh yyd gks rks mez fdlh 
rjg dh ck/kk ugha cu ldrh gSA bls jkiVªh; 
jktk/kkuh ds nks fd’kksj Hkkb;ksa us ^ou LVsi xzhuj 
vfHk;ku* ’kq# dj lkfcr dj fn[kk;k gSA olar 
fogkj ds jgus okys 17 oikhZ; fogku vkSj 14 
oikhZ; uo vxzoky us c<+rs  iznwik.k dks  ns[krs gq, 
bl vuwBs vfHk;ku dh ’kq#vkr dh gSA blesa os vc 
rd ,d gtkj ls vf/kd ?kjksa] Ldwyksa vkSj dk;kZy;ksa 
ls lw[ks dpjs dks bdëk dj mldk fjlkbfdy 
dj f’k{k.k lkexzh cuk jgs gSaA blh rjg /kjk dks 
gjk&Hkjk cukus ds fy, mUgksaus vc rd nks gtkj 
ls vf/kd ikS/ks Hkh yxk, gSaA bu iz;klksa o iz;ksxksa 
ds fy, bu nksuksa Hkkb;ksa dks bl oikZ ds izfrfiBr 
varjjkiVªh; cky ’kkafr iqjLdkj ls LkEekfur fd;k 
x;k gSA gky gh esa varjjkiVªh; laLFkk fdM~l jkbV 
QkmaMs’ku ds bl izfrfiBr iqjLdkj dks bu nksuks 
Hkkb;ksa us uhnjySaM esa ukscsy iqjLdkj fotsrk dSyk’k 
lR;kFkhZ ls xzg.k fd;kA 

 fogku dks cpiu ls gh vLFkek dh f’kdk;r gSA 
,sls esa iznwik.k ds chp ?kj ls ckgj fudkyus ij os 

vDlj chekj iM+ tkrs FksA bl otg ls os dbZ ckj 
nksLrksa ds lkFk [ksyus Hkh ugha tk ikrs FksA os dgrs 
gSa fd ge yksx iznwik.k ds ckjs esa jkst lqurs gSa] 
ysfdu bls de djus ;k jksdus ds foik; ij dksbZ 
xaHkhjrk Ukgha fn[kkrk gSA ;gha ls mu yksxksa ds eu 
esa dqN djus dk fopkj vk;kA fnYyh ds xkthiqj 
ySaMfQy <gus] dpjs vkSj ok;q iznwik.k ds chp dh 
dM+h dks le>us dh izfØ;k us nksuksa Hkkb;ksa dks ̂ ou 
LVsi xzhuj* cukus ds fy, izsfjr fd;kA iznwik.k dSls 
mRiUu gksrk gS] bl ij nksuksa us xgjh iM+rky dhA 

 bl vfHk;ku dh ’kq#vkr nksuksa Hkkb;ksa us 
vius ?kj ls gh dhA dbZ fnuks rd lw[ks dwMs+ dks 
ckgj ugha QsadkA blls muds ?kj esa dwMs+ dk <sj 
yx x;kA bls de djus ds fy, mUgksaus dwM+sa ds 
fjlkbfdy djus ds O;olk; ls tqM+s yksxksa ls laidZ 
fd;k vkSj dwMs+ dk dkQh fgLlk de fd;kA bls 
ns[krs gq, mUgksaus nwljs ds ?kjksa ls Hkh lw[ks dwMs+ 
dks bDVBk djuk ’kq# fd;kA rc 15 ?kjksa ls ’kq# 
gqvk ;g vfHk;ku vkt ,d gtkj ls vf/kd ?kjksa] 
Ldwyksa vkSj dk;kZy;ksa rd igqap x;k gSA vc rd 
1]73]630 fdyksxzke dpjs dk fjlkbfdy gks x;k 
gSA blls os f’k{k.k lkexzh cSx] iksLVj] fMCcs vkSj 
vU; mRikn cuk jgs gSaA blls mUgsa dqN vk; Hkh 
gks jgh gSA ,sls esa mUgksaus blds fy, ikap deZpkjh 
Hkh j[k fy, gSA blds lkFk gh mudh Vhe esa 11 
;qok okyaVh;j Hkh gS tks ^dpjk eqDr Hkkjr* dh 
eqfge dks vkxs c<+k jgs gSaA nksuksa crkrs gSaA fd igys 
yksx muds Åij galrs Fks vkSj dgrs Fks fd i<+kbZ 
dh mez esa ;g lc djuk xyr gS] ysfdu blls 
mUgsa [kq’kkh fey jgh FkhA 

 i;kZoj.k ls yxko gksus ds dkj.k blds izfr 
tkx#drk c<+h vkSj bl vfHk;ku dks ’kq# djus esa 
enn feyhA uo vxzoky us crk;k fd mUgs cpiu 
esa taxy vkSj izd`fr ds chp jgus esa vPNk yxrk 
FkkA blls /khjs&/khjs i;kZoj.k ds izfr ftKklk c<+rh 
xbZA vkt os i;kZoj.k dks cpkus es yxs gq, gSaA 
mu yksxks us vc rd nks gtkj ls vf/kd ikS/ks yxk 
fy, gS vkSj vkus okys oikZ es 30 gtkj ls vf?kd 
ikS/ks yxkus dk y{; gSA 

 ukscsy iqjLdkj ls LkEekfur dSyk’k lR;kFkhZ us 
dgk fd cPpks us ges’kk nqfu;k dks jkLrk fn[kk;k gSA 
okLro esa nqfu;kHkj esa cPpks ds lkgl vkSj cgknqjh 
dk lcls t#jh oSf’od eqíksa ls fuiVus ij cgqr 
izHkko iM+rk gSA nqfu;kHkj esa cPpks ds iz;klksa ls 
cnyko vk jgk gSA  mUgksaus dgk fd eq>s [kq’kh gS 
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fd fogku vkSj uo us iznwik.k ds izfr t#jh dk;Z 
fd;k gSA

Lksc dh yqXnh cuh lsgr ,oa i;kZoj.k 
dk dop
 vke ds vke xqBfy;ksa ds nke eqgkojk iqjkuk 
gS] ysfdu bls u;k vk;ke fn;k gS lksyu ftyk 
fLFkr Mk- okb-,l- ijekj vkS|kfudh ,oa okfudh 
fo’ofo|ky;] ukS.kh usA fo’ofo|ky; ds foKkfu;kas 
us ,slh rduhd fodflr dh gS] ftlls lsc dk 
twl fudkyus ds ckn cps iksesl ;kuh lsc ds Hkhrjh 
fgLls ls dbZ [kk| oLrq,a cukbZ tk ldrh gSa rFkk 
i;kZoj.k dh j{kk dh tk ldrh gSA fo’ofo|ky; ds 
QwM lkbal ,aM VsDukykth foHkkx us dsd] fcfLdV] 
iksesl ikmMj o TkSe TkSls mRikn rS;kj fd, gSaA 
,Iiy isfDVu dsfedy Hkh rS;kj fd;k gSA blls 
tsyh cukbZ tk ldrh gSA 

 fgekpy izns’k lfgr igkM+h jkT;ksa es lsc dk 
O;kid Lrj ij mRiknu fd;k tkrk gSA lsc ls 
twl fudkyus ds ckn tks iksesl ’ksik jg tkrk gS] 
mls vf/kdka’kr% Qsad fn;k tkrk gS tks fd i;kZoj.k 
dks nwfikr djrk gSA fo’ofo|kky; esa bl ij ’kks/k 
fd;k x;k A iksesl dks igys fÝt esa j[kuk gksrk 
gS] rkfd ;g [kjkc u gksA blds ckn blesa ls cpk 
twl fudkydj flysjh ;kuh iYi rS;kj fd;k tkrk 
gSA iYi cuk, tkus ds ckn bles Lokn ds vuqlkj 
phuh Mkyh tk ldrh gSA fuf’pr rkieku esa xeZ 
djus ds ckn blls tSe o pVuh cukbZ tk ldrh 
gSA 

 ,Iiy iksesl ikmMj LokLF; ds fy, csgn 
ykHknk;d gSA blesa i;kZIr ek=k esa Qkbcj ik;k 
tkrk gS] tks ’kjhj esa dksysLVªksy vkSj g`n;k?kkr 
dh vk’kadk dks de djrk gSA mPPk jDrpki dks 
fu;af=r djus esa Hkh ;g dkjxj gSA foVkfeu lh 
o dSfY’k;e Hkh izpqj ek=k es ik;k tkrk gSA [kkl 
ckr ;g gS fd iksesl ikmMj es ,aVh dSalj rRo Hkh 
gksrs gSA 

 ,Iiy iksesl dh ;wfuV yxkdj nksgjh dekbZ 
dh tk ldrh gSA twl dks cspk tk ldrk gS vkSj 
blds ckn tks iksesl jg tkrk gS] mlls dbZ izdkj 
ds [kk| inkFkZ rS;kj fd, tk ldrs gSaA lSaiy ds 
rkSj ij ySc es dbZ mRikn rS;kj fd, x, gSA 

 fgekpy esa lsc dk dkQh vf/kd mRiknu 
gksrk gS] blfy, dPps eky dh deh ugh gSA 

,Iiy iksesl o blls cuus okys mRikn ds fy, 
fo’ofo|ky; gj laHko lgk;rk djsxkA rduhd 
dk ykHk i;kZoj.k dh j{kk ds vfrfjDr ns’kHkj ds 
csjkstxkj ;qokvksa dks fey ldrk gSA 

 ;fn dksbZ csjkstxkj ,Iiy iksesl dh ;wfuV 
LFkkfir djuk pkgrk gS rks ukS.kh fo’ofo|ky; iwjh 
lgk;rk djsxkA fo’ofo|ky; 40 gtkj #i;s esa 
rduhd cspsxkA mRiknu o e’khujh ls lacf/kr lHkh 
izdkj dh rduhd Hkh feysxhA vkB ls 10 yk[k 
#i;s [kpZ dj ;wfuV LFkkfir dh tk ldrh gSA 
blds fy, Mªk;j] fpfyax oSu] twl fudkyus dh 
e’khu] flysjh cukus ds fy, feDlpj dh t#jr 
gksrh gSA vkB ls 10 yksx bles dke dj ldrs 
gSaA

i;kZoj.k lqj{kk gsrq&usV thjks ds fy, gj 
m|ksx dh vyx uhfr dh ;kstuk
 iz/kkuea=h Jh ujsUnz eksnh dh rjQ ls XykLxks 
esa vk;ksftr dki&26 lEesyu esa Hkkjr ds fy, 
?kksfikr usV thjks y{;ksa dks ysdj dke dh ’kq#vkr 
gks pqdh gSA bl y{; ds rgr oikZ 2070 rd 
Hkkjr dks vf/kdka’k m|ksxksa ls dkcZu mRltZu dks 
iwjh rjg ls [kRe djuk gSA y{; gkfly djus 
dks dsUnz ljdkj lcls T;knk dkCkZu mRlftZr djus 
okys vkB cM+s m|ksxksa dks i;kZoj.k vuqdwy cukus 
dks foLr`r jksMeSi rS;kj dj jgh gSA jksMeSi ds 
rgr fjQkbfuax] LVhy] moZjd] lhesaV] tgktjkuh] 
jlk;u] eksfcfyVh vkSj jlksbZ xSl m|ksx esa ÅtkZ 
dh t#jr dk Lo#i iwjh rjg ls cnyus dk [kkdk 
gksxkA blds rgr gh us’kuy gkbMªkstu fe’ku ykxw 
fd;k tk,xk ftls dSfcusV ls eatwjh fnykus dh 
rS;kjh py jgh gSA 

 fctyh o xSj&ikjaifjd ÅtkZ lzksr ¼vkjbZ½ ea=h 
Jh vkj-ds- flag ds vuqlkj oikZ 2070 rd ns’k 
esa dkCkZu mRltZu dks iwjh rjg ls [kRe djus ds 
fy, vHkh ls rS;kjh ’kq# gks xbZ gS ysfdu pj.kc) 
rjhds ls dk;ZØe dks ykxw djus dk dke oikZ 
2024&25 ls ’kq# gksxkA fofHkUu cnykoksa dks 
ysdj dqN ea=ky;ksa ls lq>ko vk, gSaA ;g ,d 
jksMeSi gksxk tks fofHkUu m|ksxksa esa ykxw fd;k 
tk,xkA elyu] fjQkbfuax m|ksx esa cM+h ek=k 
esa dkCkZu mRltZu gksrk gSA bl lsDVj esa gekjk 
y{; ;g gS fd 2030 rd ogka 50 izfr’kr xzhu 
gkbMªkstu dk mi;ksx gks tk,xkA blds fy, gesa 
cM+s iSekus ij ?kjsyw Lrj ij bysDVªksyktj cukus 
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dh t#jr gksxhA ge oikZ 2024 ls ns’k esa 
bysDVªksykbtj dk fuekZ.k ’kq# gksrk ns[kuk pkgrs 
gSaA igys pj.k esa gh ge 8]800 esxkokV {kerk 
dk bysDVªksykbtj fuekZ.k IykaV yxkus dk Bsdk 
nsaxsA bls izksRlkgu vk/kkfjr mRiknu ¼ih-,y-vkb-½ 
;kstuk ds rgr yxk;k tk,xkA iz/kkuea=h us gky 
gh esa ftl jkiVªh; gkbMªkstu fe’ku dh ckr dh gS 
mldk mís’; xzhu gkbMªkstu dk mi;ksx c<+kuk gSA 

 Jh flag us crk;k] ljdkj jlksbZ xSl esa Hkh 
ikap izfr’kr xzhu gkbMªkstu ds feJ.k ls ’kq#vkr 

djuk pkgrh gSA tgktjkuh m|ksx ds ckjs esa mUgksaus 
crk;k] ik;yV ifj;kstuk ds rkSj ij nks cMs+ tgktksa 
dks cSVªh ls pykus ij dke ’kq# fd;k tk,xkA 
bl m|ksx dks ysdj dkQh ’kks/k dh t#jr gksxhA 
tcfd moZjd m|ksx ds ckjs esa mUgksaus crk;k] 
;gka Hkh dkQh dkCkZu mRlftZr gksrk gSA ;gka xzhu 
gkbMªkstu dk mi;ksx tYnh o cM+s Lrj ij fd;k 
tk,xkA dksf’k’k ;g gksxh fd oikZ 2034&35 rd 
75 izfr’kr moZjd m|ksx esa i;kZoj.k vuqdwy xzhu 
gkbMªkstu dk bLrseky gksus yxsA 

Challenges in Design and Construction of Radiant 
Floor Heating System in High Altitude Areas of Ladakh Region

  Ramesh Raina * IDSE
*Former Chief Engineer (MES), Leh Zone

Introduction

 Leh is at an altitude of 11,500 feet & is located in 
northern most part of India as a Union Territory. Leh 
has a cold desert climate with long cold winters from 
October to March with temperatures varing from 
-30oC to +30o C, rainfall of 1 to 2 cm per annum, very 
low humidity (i.e) 40% ± 10% along with occasional 
snowfall. This area is largely occupied by the defence 
forces because of its strategic importance, hence it is 
the duty of the service providers to make necessary 
arrangements for the troops during winters to keep 
them warm.

 The Central Heating Systems (CHS) adopted in 
Ladakh Region have been chosen after lot of research, 
experimentation & based on feedback received on 
account of following:

• Improper architectural designs of living 
accommodation of troops and office 
complexes due to temporary nature as most 
of the habitats for troops are prefabricated.

• Use of kerosene bukharis which lead to 
release of burnt gases into the atmosphere 
through chimneys which is detrimental to 
environment of the region.

• Use of firewood heating system leads to 
deforestation. Studies show that average 
requirement of firewood increases three times 
for heating requirement in high altitude areas 

like Ladakh region.

• The calorific values of conventional materials 
such as firewood, kerosene, coal is high but 
can’t be reimbursed thereby create adverse 
environmental conditions.

Various components of Central Heating System are 
as follows:-

•  Plant room building with internal and external 
services.

• Boilers / Hot Water Generators with accessories.

• Glycol circulation Centrifugal Pumps : Primary 
& Secondary

• Heat Exchanger

• Glycol makeup Centrifugal Pump

• Flue Gas Chimney

• Glycol Fluid Tanks

• Bulk & Daily Oil Storage Tanks

• Transfer Gear Oil Pumps

• HSD Oil Pipings with fittings

• Hot Glycol Fluid Piping with fittings

•  Glycol Charge

• Dispersal Equipment for Hot Air inside 
Buildings can be anyone of following:-
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 (i)   Fan Coil Units

 (ii)  Radiators

 (iii)  Air Handling Units

 (iv)  Floor Heating System

• Stand by Generator Set in places like Leh 
where there is shortage of power supply in 
winter.

Challenges in Ladakh Region

•    Geographical Challenges

(i) The Ladakh region is situated at an altitude 
varying from 12000 ft to 18000 ft and with 
very limited vegetation resulting in the 
deficiency of oxygen in the entire region than 
rest of India.

(ii) The region is cutoff from the rest of India for 
approx. six months in a year due to closure 
of the mountain road passes due to heavy 
snowfall i.e Zoji La and Rohtang Pass.

•     Administrative Challenges

(i) Due to closure of roads for six months in 
peak winters, heavy snowfall and drop in 
temperature upto -30oC there is deterioration 
of the moving parts and other materials of the 
heat source.

(ii) Lack of spare parts in the region and difficulty 
to buy them from rest of India in winters.

(iii) Lack of local repairing expertise for repairs in 
the region.

Various Types of CHS introduced in the region

 Although several technologies are available but 
most commonly used have been described here. The 
major components where choice is available is in type 
of Hot Water Generator and dispersal of hot air in the 
buildings. The Boilers/Hot water Generators generally 
used in the region are diesel fired as there is acute 
shortage of power supply in winters and all stations 
except Leh and Kargil do not have state power supply. 
At some of the stations electric driven, hot water 
generator /Boilers have also been used.

Two types of Fan Coil Units have been used

(a) Wall Mounted Fan Coil Unit

(b) Floor Mounted Fan Coil Unit

Radiator Panels

 The radiator is the most common way of heating. 
There are several types of radiators, most are made 
from copper or aluminium but majority of them are 
made of steel. A radiator works by transferring heat to 
the air in the room as it passes over the radiator panel. 
Warm air rises and pushes cold air down and over the 
radiator surface again.

Constraints in FCUs/ Radiator

Panel:-

(i)  FCUs require more maintenance due to 
moving parts.

(ii)  FCUs are prone to rat Menace.

(iii)  Radiator Panel takes longer time for heating & 
not effective in case of less  working hours & 
frequent power failures.

Air Handling Unit (AHU): Duct Based

 The hot air received from Hot water generators/
boilers is passed through the ducts and dispersed to 
different rooms of buildings through vents after heat 
exchange takes place in AHU plant room.

 This article mainly deals with the floor heating 
system designed and executed for the office complex 
at Leh, Ladakh.

Radiant Floor Heating

•  The habitats for defence units maintained 
in Ladakh region were dependent on 
Conventional solutions which required 
radiators and FCUs for heating.  For last few 
decades these conventional solutions had 
advantage of being cheaper and easy to 
install, but disadvantage of being extremely 
inefficient due to their failure to distribute 
heat evenly in a room, expensive to run due 
to their high energy consumption and require 
frequent maintenance.

•  During winters there is acute shortage of 
electricity in Ladakh region forcing the service 
providers to bring a suitable and energy 
efficient alternative. The suitable alternative 
to one such heating solution is Radiant 
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calculations and replacement of old existing 
FCUs. 

•  So, there was a need for customisation after 
considering several parameters for making 
system more efficient.

•  The area of floor, walls, ceilings of various 
rooms/zones was worked out and heat loss 
calculations were made based on standard 
coefficients and design of pipes and network 
layout was prepared.

•  Based on this data the size of the PE-X pipe 
was decided along with several other factors 
including the temperature of the system, the 
water flow rate, the spacing of the pipes and 
the exact length of the circuits. 

•  This variation in the size of the circuits 
ensures that the loss of heat is reduced to the 
minimum.

•  The size of the boilers and pumps was then 
decided after the system flow rate and the 
circuit head loss was calculated.

•  The design, selection, length, spacing and 
layout of PE-X pipes of size 20mm OD  was 
carried out using American Society of Heating, 
Refrigerating & Air-conditioning Engineers 
(ASHRAE) software and the work was executed 
accordingly. 

•	  Different loops of 1,2,3,4 and 5 circuits were 
selected as per the room sizes. 

•  The PE-X pipes used are of high density of 
0.939 gm/cm3 with anti oxygen vapour barrier 
in Ethylene Vinyl Alcohol (EVOH) complying 
with ENISO-15875 (European Norms 
International Standard Organisation) suitable 
for pressurised distribution of hot glycol water 
mixture. The spacing between each PE-X pipe 
was maintained at 150 mm.

•  The main distribution line carrying hot glycol 
water mixture from the plant room is 80mm 
dia  MS pipe duly insulated with elastomeric 
nitrile insulation.

•  The sizes for further distribution varied from 
80mm to 25 mm dia as per flow requirement.

Floor Heating system which provides an 
efficiency level almost 25-30% higher than the 
conventional heating systems.

Principle:

•  The basic principle of radiant systems is to 
transfer radiant energy directly from the 
floor to the people or its surrounding objects 
via infrared radiation.  The heat energy is 
transmitted by electromagnetic waves and 
through the process of convection. The 
natural circulation of heat takes place as the 
air warmed by the floor rises above towards 
ceiling.

•  There are different ways of heating using the 
radiant systems but the most popular and cost 
effective is Hydronic system. 

•  In this system, heated water or water glycol 
mixture from a hot water generator is pumped 
through tubing laid in a pattern of circuits 
under the floor.

•  The water glycol mixture circulates between 
floor & boiler in closed loop.

•  Concrete screed floor diffuses heat across 
surface providing even temperature at floor 
level.

•  The outflow from hot water generator is 
controlled through the use of zoning valves 
and thermostats. To regulate the temperature 
in the room depending upon occupancy of 
room/zone independent manifolds boxes are 
installed in  different zones/ rooms.

•  Floor heating system is more efficient than 
forced air heating because it reduces  duct 
loses.

•   Thermal mass of floor is large & heat stored in 
it will keep room comfortable for 4-6 hours.

•  Radiant floor heating works well with almost 
any floor finish i.e. tiles, carpets, timber floors, 
plaster etc.

Design:

•  The process of designing an efficient radiant 
floor heating system was indeed a challenging 
task as it involved  lot of survey, planning, 



16

BU
ILT EN

VIRO
N

M
EN

T

•  The system comprises of two circuits, primary 
and secondary. The primary circuit feeds hot 
glycol water mixture at about 70oC to the 
ceiling mounted package air handling units 
heating the corridors and toilets. 

•	  Since the floor temperatures has to be 
maintained at 27oC to 30oC, glycol water 
mixture supply temperature has to be reduced 
to 55oC from 70oC of glycol water mixture 
supplied by hot water generator. This is done 
in the secondary circuit by using plate heat 
exchanger to supply hot glycol mixture to 
the radiant under floor pipes to maintain the 
desired temperature.

•	  The manifolds installed in rooms have inlet 
and oulet shut off valve for maintenance / 
isolation.

•  The flow regulation of each circuit is 
maintained by three way motorized valve 
fitted in manifold actuated by a thermostat to 
bypass the flow of the room once the inside 
temperature is maintained.

Installation:

•  The installation was indeed equally challenging 
vis a vis planning and design as it involved 
complete vacation of the buildings, shifting of 
stores and creating adhoc arrangements.

•  One of best aspects of installing under floor 
heating is that it gives complete freedom to 
design the space after installation without any 
restrictions since all the piping is underground 
which also gives this system a much longer life 
than any other heating systems.

•  The process of installation begins by 
concealing the floor with layers of insulation 
in order to avoid the heat loss to the ground.  

•  Tracks for the piping are then fastened through 
the insulation on the floor depending on the 
circuit design, size of the pipe and water flow 
pressure.  

•  Each circuit is then  connected to the inlet 
valve and  fastened on the track along with 
clips in the spacing.  

•  The end of the pipe circuit is then connected 
to the outlet valve in the manifold box.  

•  Each circuit is connected to the manifold box 
which have individual valves that help control 
the flow rate as well as purgers for removing 
air locks.

•	  The water/glycol mix is run through an 
assembly of valves connected to both the   
inlet and outlet valves. 

•  After this temperature and pressure gauges 
are installed in the lines of circuit a layer of 
concrete is then poured on the pipes before 
installing the desired type of flooring above. 

•  The material used for flooring is also very 
important factor as materials with high heat 
conductivity will require higher supply water 
temperature.

•  Heating is more efficient when it is used zone 
by zone with a thermostat controlling each 
zone.  Therefore heat is supplied to the room 
only when it is required reducing the energy 
consumption.

Advantages over other Heating Systems:

•	  The efficiency is almost 25-30% higher than 
other heating systems.

•  The floor heating only needs to run at 27oC 
to 30oC whereas the other system needs to 
maintain temperature at 65-70oC thereby 
consuming less energy.

•  It can be used zone wise by thermostat 
controlling each specific zone thereby saving 
energy. 

•  Hydronic systems produce radiant heat 
which helps transfer the heat much faster 
than conventional systems. Although the 
initial pull down time is more in comparison 
to conventional systems, heat stays for much 
longer as it is transferred and stored in the 
concrete.

•  Objects heated through radiant energy 
maintains the natural humidity in a room, 
whereas convection of warm air tends to 
reduce humidity which can make the heated 
area feel stuffy.
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•  Since whole floor of the room is heated, 
the radiant heat gives even spread of heat, 
whereas conventional heating heats one area 
initially and then takes time to circulate to 
reach the required comfort levels.

•  Rising air temperature through conventional 
heating can cause discomfort and overheating, 
which in turn can reduce oxygen levels and 
ultimately can cause breathing problems if 
the air is too warm.

•	  The other major advantage of radiant floor 
heating is that its stops the circulation of 
bacteria and other harmful particles in the air 
which normally keep getting circulated with 
FCU or radiator systems.  

Summary of Heat Loss Calculations of various 
zones      of office complex are as follows:

After Derating 35% and efficiency

factor of 90% of Hot 

Water Generator               = 4,24,760.94 Watts 

Add 5% losses  = 21,238.04 Watts

Total   = 4,45,998.98 Watts

    = 445.99 KW

Total Heat load           = 3,84,104.42 Kcal/Hr*

Fig.1  Comparison of Forced Air Heating Vs                                    

Floor Heating System

Facilities Floor Area  
SM

Heat Load

Watts
Zone  A 150.21 48074.36
Zone B 317.36 101207.03
Zone C 210.74 58571.56
Zone D 129.60 40632.20

Total 248485.15

Nearest working capacity of Hot 

Water Generator   = 2 x 2,00,000 Kcal/Hr

Standby Hot 

Water Generator @ 50%= 1 x 2,00,000 Kcal/Hr

* 1 KW = 861.24 Kcal/Hr

Detailed Heat Load Calculations : Zone A

Outside Max Temp : (-) 300C

Inside Temp         : (+) 250C

     T                         : 550C

Area of Floor =150.21 Sqm

Area of roof=150.21 Sqm

Area of glass (1/5 area of wall)=54.59 Sqm

Length of walls=85.30 M

Area of walls 85.3x3.2=272.96 Sqm

Net area of the walls(less glass) =218.37 Sqm

H1(Heat loss through Floor)

Area of Floor x U x     T

150.21 x 5.40 x 0.00  = 0.00 Watts (No heat loss in floor 
heating)

H2(Heat loss through Roof)

Net Area of Roof x U x    T +170C

150.21 x 0.61  x 72  = 6597.22 Watts

H3(Heat loss through walls)

Net Area of wall x ‘U’ Wall x    T+70C

218.37 x 0.60 x 62   = 8123.36 Watts

H4(Heat loss through Glass)
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Net Area of glass x ‘U’ glass x     T +70C  

54.59 x 7.07 x 62  = 23928.98 Watts

H5 (Heat loss due to fresh Air Changes) 

Cubic metre/min (CMM) :

Nos of Persons x CMM/Person

 CMM :15 x 0.56        = 8.4

 H5 = CMM x 20.4 x     T

8.4 x 20.40 x  55 = 9424.80 Watts

Total Heat in watts (H1+H2+H3+H4+H5)  = 48074.36 
Watts

Detailed Heat Load Calculations: Zone B

Outside Max Temp    : (-) 300C

Inside Temp         : (+) 250C

    T                         : 550C

Area of Floor =317.36 Sqm

Area of roof=317.36 Sqm

Area of glass (1/5 area of wall)=127.23 Sqm

Length of walls=198.80 M

Area of walls 198.80 x 3.2 =636.16 Sqm

Net area of the walls (less glass)= 508.93 Sqm

H1(Heat loss through Floor)

Area of Floor x U x    T

317.36 x 5.40 x 0.0  = 0.00 Watts (No heat loss in floor 
heating)

H2(Heat loss through Roof)

Net Area of Roof x U x     T +170C

317.36 x 0.61  x 72  =13938.45 Watts

H3(Heat loss through walls)

Net Area of wall x ‘U’ Wall x      T+70C

508.93 x 0.60 x 62   = 18932.19 Watts

H4(Heat loss through Glass)

Net Area of glass x ‘U’ glass x    T +70C

127.23 x 7.07 x 62  = 55769.99 Watts

H5 (Heat loss due to fresh Air Changes) 

Cubic metre/min (CMM) : 

Nos of Persons x CMM/Person

 CMM :20 x 0 .56        = 11.2

 H5 = CMM x 20.4 x    T

       11.2 x 20.40 x  55 = 12566.40 Watts

Total Heat in watts(H1+H2+H3+H4+H5)  = 101207.03 
Watts

Detailed Heat Load Calculations: Zone C

Outside Max Temp   : (-) 300C

Inside Temp         : (+) 250C

     T                         : 550C

Area of Floor=210.74 Sqm

Area of roof=210.74 Sqm

Area of glass (1/5 area of wall)=62.59 Sqm

Length of walls=97.80 M

Area of walls 97.80 x 3.2 = 312.96 Sqm

Net area of the walls (less glass) = 250.37 Sqm

 H1(Heat loss through Floor)

Area of Floor x U x    T

210.74 x 5.40 x 0.0  = 0.00 Watts (No heat loss in floor 
heating)

H2(Heat loss through Roof)

Net Area of Roof x U x     T +170C

210.74 x 0.61  x 72  =9255.70 Watts

H3 (Heat loss through walls)

Net Area of wall x ‘U’ Wall x      T+70C

250.37 x 0.60 x 62   = 9313.76 Watts

H4 (Heat loss through Glass)

Net Area of glass x ‘U’ glass x      T +70C  

62.59 x 7.07 x 62  = 27435.70 Watts

H5 (Heat loss due to fresh Air Changes) 

Cubic metre/min (CMM):

  Nos of Persons x CMM/Person
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  CMM :20 x 0.56        = 11.2

  H5 = CMM x 20.4 x     T

11.2 x 20.40 x  55 = 12566.40 Watts

Total Heat in watts (H1+H2+H3+H4+H5) = 58571.56 
Watts

Detailed Heat Load Calculations: Zone D (PEB 
Shelter)

Outside Max Temp : (-) 300C

Inside Temp         : (+) 250C

     T                         : 550C

Area of Floor =129.60 Sqm

Area of roof=129.60 Sqm

Area of glass (1/5 area of wall)=32.25 Sqm

Length of walls=50.40 M

Area of walls  50.40 x 3.2 = 161.28 Sqm

Net area of the walls(less glass) = 129.02 Sqm

H1(Heat loss through Floor)

Area of Floor x U x    T

129.60 x 5.40 x 0.0  = 0.00 Watts (No heat loss in floor 
heating)

H2 (Heat loss through Roof)

Net Area of Roof x U x    T +170C

129.60 x 1.23  x 72  =11477.37 Watts

H3 (Heat loss through walls)

Net Area of wall x ‘U’ Wall x     T+70C

129.02 x 1.092 x 62   = 8735.17 Watts

H4 (Heat loss through Glass)

Net Area of glass x ‘U’ glass x      T +70C

32.25 x 7.07 x 62  = 14136.46 Watts

H5 (Heat loss due to fresh Air Changes) 

Cubic metre/min (CMM):

  Nos of Persons x CMM/Person

  CMM : 10 x 0.56        = 5.6

  H5 = CMM x 20.4 x     T

Table 1: Heat Transfer Coefficient for Wall

5.6 x 20.40 x  55 = 6283.20 Watts

Total Heat in watts (H1+H2+H3+H4+H5) = 40632.20 
Watts 

U FACTOR for Zone: A,B & C

The following parameters are considered:

Thickness ‘x’ (m)

Thermal conductivity ‘k’(W/m0C)

Thermal conductance ‘C’ (W/m2 0C)

‘U’ factor: 1/ (∑x/K+∑1/C)

U factor for walls : 0.60

U factor for roof   : 0.61

U factor for floor  : 5.40

U factor for glass : 7.07

Heat Transfer Coefficients (U FACTOR) for  Zone: D

U factor for walls : 1.092

U factor for roof   : 1.23

U factor for floor  : 5.40

U factor for glass : 7.07

Overall Heat Transfer Coefficient (U factor for wall): 
Zone A, B & C

 

 

 

 

 

 

 



20

BU
ILT EN

VIRO
N

M
EN

T

Overall Heat Transfer Coefficient (U factor for roof): 
Zone A, B & C

Table 2: Heat Transfer Coefficient for Roof

Overall Heat Transfer Coefficient (U factor for floor): 
Zone A, B & C

Table 3: Heat Transfer Coefficient for Floor

Overall Heat Transfer Coefficient (U factor for Glass): 
Zone A, B & C

Table 4: Heat Transfer Coefficient for Glass

Overall Heat Transfer Coefficient (U factor for wall): 
Zone D (PEB Shelter)

Table 5 : Heat Transfer Coefficient for Wall

Overall Heat Transfer Coefficient  (U factor for roof): 
Zone D (PEB Shelter)

Table 6: Heat Transfer Coefficient for Roof

Overall Heat Transfer Coefficient (U factor for floor): 
Zone D (PEB Shelter)

Table 7: Heat Transfer Coefficient for Floor

Overall Heat Transfer Coefficient  (U factor for Glass): 
Zone D (PEB Shelter)

Table 8 : Heat Transfer Coefficient for Glass
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x- Thickness in ‘m’

k- Thermal Conductivity in (W/moC)

C- Thermal Conductance in (W/m2 oC )

Conclusion

The design and installation of radiant floor heating 
system in Ladakh region by replacing the other existing 
conventional type of heating system has emerged 
advantageous compared to other heating systems 
being versatile & good option for heating system.
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Expansion of Nehru Hospital at PGIMER, Chandigarh - 
A Sustainable Highly Energy Efficient Building 

Rajeev Kumar Sao*
*Superintending Engineer & Project Director, CPWD 

Introduction

 PGIMER Chandigarh was conceived and planned 
in 1960 to provide a physical and intellectual milieu 
for young scientists working in multiple disciplines of 
medicine, to advance the frontiers of knowledge to 
render humane service to sick and suffering, and to train 
medical and paramedical manpower in Chandigarh. The 
institute was established in 1962 as  “Nehru Hospital” 
under the erstwhile state of Punjab. Later It was 
declared as an Institute of National Importance by an 
Act of Parliament w.e.f.  1st April 1967, with the following 
mandate:

• Provide high quality patient care. 

• Attain self-sufficiency in postgraduate medical 
education and to meet the country’s need for 
highly qualified medical teachers in all medical 
and surgical fields.

• Provide educational facilities for the training of 
personnel in all-important branches of health 
activity.

• Undertake basic community based research.

 With the passage of time and advancement in 
medical profession and the technology, to meet the 
present requirement, many gaps were noticed in 

existing infrastructure of PGIMR, Chandigarh. Therefore 
to upgrade the hospital facilities and to reduce the gap,  
it was decided for expansion of the Nehru Hospital at 
PGIMER, Chandigarh. CPWD was assigned the PMC.  
CPWD in consultation with the PGIMER authorities 
developed the plan for up gradation for reduction in 
gaps observed by proposing sustainable high energy 
efficient buildings. In the building highly sophisticated 
hospital services have been provided. The Building has 
been  awarded  the  Platinum certificate by Indian Green 
Building Council (IGBC) under its (Green Healthcare) 
rating system. 

Scope of Work

 The scope of expansion consisted of construction 
of state of the Art, 334 bedded extension block in 
PGIMER alongwith modern hospital services by 
integrating with intelligent building design. The 
Building consisted of basement +G+4 floors having 
built-up area of 25607 sqm. including all the necessary 
modern services. 

Planning & Design

 Central Public Works Department took up the 
planning, designing and execution of the Work. The 
floor wise planning and designing was done as under:

Technical Instruction on Central Heating 
System 2016.

2.  Textbook of Refrigeration and Air-conditioning, 
RS Khurmi

3.  Textbook of Refrigeration and Air-conditioning, 
CP Arora

4.   ASHRAE: American Society of Heating, 
Refrigeration & Air Conditioning Engineers, 
Hand Book.

5.  EN ISO 15875:  European Norms International 
Standard Organisation.



22

BU
ILT EN

VIRO
N

M
EN

T

• Ground Floor consists of 55 number faculty 
rooms, Administration and Cafeteria, Linear 
Accelerator, Radiation Therapy wing & 
Diagnostics.

• First Floor consists of ENT Wards, ICU and 
minor OTs, Oncology Wards, ICU and Wing.

• Second Floor consists of Hepatology Wing, 
ICU and Wards, Endocrinology  Department 
and Wards, nuclear  medicine Private Wards.

• Third Floor consists of private wards.

• Fourth Floor consists of Modular operation 
theatres with pre and post operative ICUs   
and CCUs.

• 39 IP based services duly integrated with 
intelligent building design in the hospital.

• Total Built up area  of the building is 25607 
Sqmtr.  

• In the initial phase sanction of construction of 
building was received and in the 2nd phase 
the sanction for construction of 39 IP based 
services was received.

Execution

 On getting the sanction from the PGIMER 
Authorities, CPWD did detailed planning of the work, 
invited the tenders and  took up the construction work. 
By adopting Green Building concept, energy efficient 
measures, water conservation measures, automated 
materials transport system , Human circadian-centric 
lighting, healing garden, artwork & colour psychology 
to create a therapeutic environment have been created 
in the complex.  The work of planning, designing, 
tendering and execution of 39 different services and 
finishing work was taken up and completed in record 
of time 18 months.  The Built up area of the building is  
25607 Sqmtr.  The construction cost of the work is  Rs. 
173 crores. 

 On expansion of the hospital the objectives of 
covering the main gaps like minimizing hospital 
acquired infection, creating therapeutic environment 
in the hospital for enhanced healing and reducing the 
plant recovery time, facilities to reduce stress on the 
hospital staff, energy efficiency and conservation, use 
of new technologies, operational savings etc. have 
been achieved.

Major Facilities and Services  provided in the 
Building: 

 There are about 39 IP based services which has 
been provided in this project. They include: 10 no state 
of art Modular OTs (SMS Technology) with Integration, 
Medical Gas Pipeline System, Automated Material 
Transport System,(4 X200 KVA) ultra high efficiency 
UPS, 3 x 1600 KVA Substation with SCADA, 3 X 1010 
KVA DG Sets, 1800 TR AC Plant, 9 nos LIFTs, entire 
hospital & office furniture, Automatic addressable Fire 
Alarm system, Wet Riser & sprinkler system, Fire check 
doors, Fire curtains, Digital PA System, Professional 
sound system & Display system(smart screens), CCTV 
System, Nurse calling system, Grid interactive Solar PV 
(100  Kwp), Solar water Heating 10,000 LPD, RO 10,000 
LPH, STP 300 KLD, Organic waste processor 100 KG per 
day, Rain water harvesting, circadian centric lighting 
& Intelligent lighting control, E Podiums, Interactive 
Kiosks, Mobile charging stations, LAN & WIFI, IP based 
video call enabled Telephony, Intelligent Building 
Management System, vehicle charging stations, 
Emergency Lighting system etc.

Intelligent Building Design Features:

 More than 39 different E&M and hospital services 
have been provided in this building.   All the systems 
are IP based and are scheduled, monitored and 
controlled through highly advanced BMS system. Each 
ACB & MCCBs of the building can be controlled as well 
as monitored for energy management and power 
quality. For indoor air quality CO2 & CO sensors have 
been installed.  BTU meters, water meters, smart meters 
have been installed at every place to monitor energy 
consumption . Nurse calling system has been provided 
with which every patient can communicate with the 
Nurse. Hospital information system comprising of 
interactive kiosks and 180 screens/Displays has been 
provided. All seminar rooms have been provided 
with state of ART Audio visual system and E Podiums. 
OT integration has been provided for live telecast of 
operations.  Air quality monitors alongwith display 
has been provided at various locations.We have also 
provided Kiosks based on Artificial intelligence.

Green Building Concepts
Energy Efficiency Measures:

 Some of the energy efficiency strategies which 
have been employed in  this  project are as follows :
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• Use of double layered AAC blocks(150mm AAC 
+25 mm insulation+125 mm AAC) with insulation 
in-between for building envelope

• Use of Double Glazed Units (DGU) with high 
performance glass having solar factor of 0.2 and U 
value of 1.6 W/m2 degree K.

• Highly efficient centrifugal pump with VFD and 
Screw chillers to cater to part-load on cooling 
system

• Chilled Water and heating Water pumps with VFD 
controls.

• Circadian centric LED lighting with LPD value of 
0.5 W/ft2 with occupancy sensors with centralized 
control and monitoring system.

• BMS for monitoring and controlling real-time 
building performance

• Use of Heat recovery wheels.

• High Delta-T on evaporator and condenser with 
reducing the approach to the wet bulb for cooling 
tower design.

• High C.O.P. chiller at duty conditions.

• Variable speed drives for partial load equipments 
e.g. Secondary chilled water pumps, air handlers, 
etc...

• Chiller plant manager for energy optimization.

• Air source hot water generator for better plant 
COP

• Low pressure drop filtration on air side.

• Use of automatic tube cleaning system for chillers.

• All the equipments used complies to either ECBC 
super or ECBC plus category of ECBC 2017.

• Use of LIFTs with regenerative braking.

• Use of solar reflective tiles.

 The above strategies have helped to reduce 
the building energy consumption by 146 Kwh/m2/
annum for 334 bedded hospital vis a vis benchmarked 
weighted EPI of the project. This translates into annual 
energy savings of Rs 4 crores for this project.

Water Conservation Measures:    

 This project has been designed to conserve water 
and some of the salient features are:

• Use of low-flow fixtures

• Dual flushing system

• Sensor based urinals

• 300 KLD MBR based STP for recycling water for 
cooling tower makeup water, toilet flushing and 
irrigation

• For irrigating the landscape, drip irrigation has 
been employed to reduce irrigation water demand 
by 60%

• Three sets of rainwater harvesting system has 
been provided at this site.

Fire & Life Safety Measures: 

 Intelligent addressable fire alarm, Wet Riser & 
sprinkler system, Gas suppression system, addressable 
emergency lighting system, Digital PA & Emergency 
announcement system, smoke extraction system, Fire 
curtains.  Fire seals & Fire resistant doors have been 
provided. 

Innovative Technologies and 
Materials Adopted
Automated Materials Transport System

 Among other futuristic technologies used in this 
project, Automated Materials Transport System (AMTS) 
will despatch samples for tests through a tube system 
to avoid physical carrying of samples by patients and 
their attendants. 

 “Samples in a carrier capsule will be pushed 
through the tubes to the laboratory within 30 seconds, 
saving the patients from the trouble of running around 
between departments.” The capsule can transport 
drugs, blood samples, organ and tissue samples, other 
samples (urine etc), imaging documents (X-rays etc) 
among others.

 The system will put aside dependence on ward 
boys, patient’s attendant, elevators and it will save 
re-deputation of staff, monotony of logistics work, 
diversion of staff, samples breakages and delays, 
making the test system more efficient.
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Control of Airborne Infection

 To prevent hospital acquired infections (HAI), 
the air handling units (AHUs) has been provided 
with central air cleaners which work on trap and kill 
technology to take care of viral, bacterial and fungal 
pathogens, PM 2.5 particles and other air pollutants. 
Airborne microorganisms are a major cause of 
spreading diseases.

 Another factor that can lead to HAI is the poor 
indoor air quality (IAQ) in the hospital building and 
it can lead headache, fatigue, eye and skin irritations 
and other symptoms. Multistage air purification along 
with active carbon filter will ensure efficient reduction 
in all three pollutants of indoor air (particulate matter, 
pathogens and volatile organic compounds).

Human Circadian-Centric Lighting

 In the project, circadian lighting has been provided 
which changes the ambient colour as per the outdoor 
lighting colour which helps in aligning the patient’s 
body clock with the natural one.

 “By using human circadian compatible lighting, 
a patient gets undisturbed sleep and has a chance to 
correct his or her health in synch with Nature.”  This 
system has been provided for energy saving and 
speedy recovery of patients.

Healing Garden, Artwork & Colour 
Psychology

 Medicinal plants have been planted in the garden, 
which shall also help in enhancing local air quality and 
a round in the landscape area shall help in creating 
positive impact on patients and their relatives health 
and morale. Different colors have been used for 
treating patients based on the type of diseases.

Challenges Faced and Lessons Learnt 

 This project was started in 2011 and upto 2017 
only structure was completed as sanction was not 
there for more then 30 specialized services including 
Modular OT, Medical Gas pipeline system, Hospital 
Furniture etc. It was only after sanction was given in 
2017 the work was resumed and planning, design, 
tendering and execution of 39 different services and 
all civil finishing works were completed in a record 
time of 18 months.

 Another challenge was to achieve  false ceiling 

levels of 2.8 mtr or more with floor to ceiling height 
of 3.7 mtrs (due to height restrictions).With so many 
services above the false ceiling this was extremely 
difficult task but with meticulous planning this could 
be managed. There were 16 different agencies who 
worked in this project and their coordination was also 
a big challenge.

Awards & Recognitions

 Indian Green Building Council (IGBC) has awarded 
its highest Platinum Certification for Extension of Nehru 
hospital building under its (Green Healthcare) rating 
system.   This is the first platinum rated Government 
Hospital in the country. 

Conclusion

 By optimizing the design and by using efficient 
products and by ensuring competition per bed cost is 
less than Rs 50 Lacs in this Project which is normally 
Rs 1 crore per bed in fully furnished hospital of similar 
standards.  In PGI project several innovative schemes 
and new services for the comfort of the patients and 
for meeting the functional requirement of the hospital 
have been introduced.  Latest features in the medical 
field, safety, automation, energy efficiency and green 
building features have been incorporated while 
designing this hospital. This is by far the most energy 
efficient hospital in the country.











