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Week -11
Lecture — 02
Other Design for Sustainability Tools and approaches — Carbon Footprint

Hello everyone, so, today is the last lecture on series of sustainability tools and
approaches and today we will be discussing about the concept of carbon footprint. So,
we will not only discuss only carbon footprint, but we will discuss about some of these

concepts that is represent on the slide.

(Refer Slide Time: 00:51)
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So, carbon credits, carbon footprint, carbon trading, clean development mechanism,
carbon trade exchange and carbon neutral. You might have come across all these

terminologies and this lecture tries to explain what these terminologies means.
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So, if you have booked air ticket through IndiGo, you might have seen this green box.
So, just before you are about to make a payment it as you clear the air contribute rupees
100 to fund low carbon initiatives. So, what does this imply? So, whenever you take a
journey using an aircraft because of your journey, because of the air craft, you are
releasing certain kind of gases and the atmosphere. You are causing certain kind of

damaging effect efforts on the environment.

So, many airlines have come up with this concept that you can contribute certain amount
which is a compensatory amount and that amount will be used for doing for funding

certain low carbon initiatives.
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IndiGo goes Green; commits to low-carbon rural development
programme

+  Becomes the first airline in India to partner with Fair Climate Network for Low Carbon Rural
Development

»  QOption for 6E flyers to voluntarily contribute Rs. 100 per booking towards reducing carbon
footprint while improving quality of living and household earnings

India, February 8, 2014: IndiGo today announced its partnership with the Fair Climate Network (FCN), a
consertium of NGOs committed to promoting simple measures that improve rural livelihoods and
reduce carbon pollution. Through this partnership, IndiGo will enable its flyers to voluntarily contribute
Rs 100 {per PNR) towards this cause. The revenue generated through this voluntary contribution will be

So, if we go into the press release by IndiGo in this context. So, indigo says that IndiGo
goes green, commits to low carbon rural development programme. So, in India it is it
claims to be the first airline to partner with fair climate network for low carbon rural
development. So, this entire concepts that we are going to discuss today about carbon
credits, carbon footprint, carbon trading, clean development mechanism, carbon trade
exchange and carbon neutral. They are all about offsetting the damaging effects done by

certain agencies or by certain individuals.

So, as per the Kyoto protocol one so, the Kyoto protocol decided that let us have a
mechanism in which we can prevent the developing countries or rather say we can help
the developing countries to come up with green solutions or say low carbon solutions.
And these activities can be funded by developed countries whenever they want to offset

the carbon which is being produced because of their activities.

This is again a concept which is based on life cycle assessment. So, what is IndiGo
trying to do in a with this 100 rupees that it ask you to contribute in case you want to do
away with the carbon footprint? Of course, that is a 100 rupees for everybody, it does not
differentiate whether you are travelling 500 kilo meters or whether you are going to

travel 2000 kilo meters.



So, in order to be able to offset the environmental damages caused because of me flying,
I can contribute this 100 rupees, which IndiGo will use to bring wind powered electricity

to certain rural areas.

So, because of this wind power electric generation which will happen in these rural areas
there will be some kind of carbon offsetting happening which will be. So, may be as an
airline company they might have calculated that overall when they do it for all their
willing customers, they might be able to achieve so, much of offset of their pollution per

year.
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LED Bulbs Reduced 570 Million Tons Of Carbon Emissions In 2017,

IHS Markit
hitps:/iwww.greenmatters.comhome/2018/01/02/1cHDXb/ ad-bulbs-carbon-emissions-2017

LED bulbs reduced 570 million tons of carbon emission in 2017. So, this is from one of

this kind of information keeps on coming a newspaper.

So, like LED bulbs reduce 570 million tons of carbon emission how did we calculate
them? So, we are going to compare it with say CFL bulbs or incandescent bulbs. So, we
compare all the 3 bulbs say for example, and then see that if [ have bring in LED because
they are more energy efficient how much energy I could save with respect to that of

using incandescent bulb?

So, it is not that LED bulb, in itself is very environmental friendly solution what it
implies is with respect to your incandescent bulb it is a more environmentally friendly

solution.



How? Because, if I had used an incandescent bulb whereas, if I use a LED bulb, I will be
or on a global scale on an average in 2017 we could save around 570 million tons of
carbon emission. So, this is an amount similar to shutting down 162 coal fired power

plants around the world.

(Refer Slide Time: 06:01)

Modern LED bulbs use between 80% and 90% less energy than standard light
bulbs and so reduce that carbon footprint.

httoukied-Itd co. uk/ed-technology/

Why this is possible because, modern LED bulbs used between 80 to 90 percent less
energy than standard light bulbs and. So, reduce that carbon foot print because I will
have to spend less on generating that electricity. So, electricity generation the carbon
which would have got emission emitted in the electricity generation is now been

prevented.

So, that is how this whole reduction in carbon footprint business works.
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There is a website it is called the National Ujala Dashboard. So, Ujala is a program by
the government of India under which the discoms and uncertain other companies they are
distributing LED bulbs. So, when you go on to this website it will show you in real time

total LED distributed save this data was picked up on 21st June 2018 as 17-18.

So, you can see that there are so, many LED bulb. So, which have been distributed by
this program which has done energy saved per year is 39,201 million kilowatt or how
much money it has saved, how avoided peak demand how much, then how much of
carbon dioxide reduction per year has happened. If you go to one of these particular

states, and click their. So, this is the data for Assam.



(Refer Slide Time: 07:31)

So, again another real time data, and it is a district wise data which shows how much

bulbs have been distributed in this particular area.
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UJALA programme

* Demand for LED bulbs has gone up 50
times in the three years since 2014

* The retail market price (for bulbs sold
beyond UJALA) has dropped to & third,

* The fall in prices can be aftributed to the
economies of scale achieved due to
substantial demand creation by the UJALA
programme, in tandem with the global trend
of reduction in prices of the LED chips.

* India's LED bulb manufacturing capacity
has also grown substantially, with about 176
registered manufacturing units in India.
.

So, this is a particular graph which shows tube lights number of tube lights in million so,
quantity in millions versus the year. So, starting from 2010 to 2016 tube lights, LED
bulb, CFL’s and incandescent labs. So, you can see that the LED bulbs from 2014

because of the Ujala scheme there is a spike in the number of led bulbs in the country.



Whereas, in other bulb other lighting fixture. So, say for example, this blue and is for the

tube light, there is a minor decline in case of the CFL’s there is a sharper decline.

So, incandescent bulbs consume a very much more larger amount of energy, CFL bulbs
where much more environment friendly because, they consume lesser energy as
compared to incandescent lamps. And now LED bulbs have come into the market, which

consume even lesser amount of energy.

Also because of this particular program demand for LED bulbs has gone up by 50 times
in the 3 years since 2014. The retail market price for bulb sold under Ujala has dropped
to a third, why so? So the fallen prices can be attributed to the economies of scale
achieve due to substantial demand creation by the Ujala program in tandem with the

global trend of reduction in prices of the LED chips.

So, when demand goes up usually the price of those products fall down because of the
scales economies of scales. Also India’s LED bulb manufacturing capacity has also
grown substantially with about 176 registered manufacturing units in India which are

now producing LED bulbs.

(Refer Slide Time: 09:47)
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So, let us go back to first May 2010. So, this is an article from times of India from first
May 2010 which talks about CFL bulbs scheme, scheme will be the world’s biggest

carbon credit project. So, at that point of time before this carbon credit project came into



CFL bulbs are quite expensive, as a result most people would not like to buy those bulbs.

But, this project came up in which.

So, the project which will allow government investors discoms and CFL manufacturers
to sell CFL’s at rupees 15 each instead of rupees 100 so, what this carbon credit project
did? It paid for the rest of the 85 rupees. So, because if lots of homes in India, which is a
developing country buys these CFL bulbs, they will be savings on the energy. As a result
there will be carbon credit available because, they are saving on that carbon dioxide

emission.

So, there can be other companies or other organizations in developed countries who have
to because for their operational purposes who are going to release damaging
environmental effects they can buy this credits from India. As a result the CFL bulb
prices can go down. So, this offsetting will pay this 85 rupees. The result of which will
be because now the CFL bulb cause only 15 rupees. So, more and more people will buy

it and use it bringing in greater savings in the energy consumption.

(Refer Slide Time: 11:37)
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BEE estimates that investors will be able 1o recover the rest of the Rs 85 per bulb by

imiiot 56 years and by the 7th year, eam some on the top. BEE has in is scheme ensured

that the CFL bulbs are of a standard that they last that long,

So, at that point of time this was 2010 report from 2010 each certificate would sell each
carbon credit certificate would sell at around 10 to 12 Euros in the international spot
market. So, that is where the concept of carbon trade exchange also comes. It is kind of a
trading situation which has been developed where in people can trade their carbon

credits, people can buy carbon credits and people can sell their carbon credits.
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Clean Development Mechanism

-

The CDM allows emission-reduction projects in developing countries to eam certified emission reduction
(CER) credits, each equivalent to one tonne of CO2

These CERs can be fraded and sold, and used by industrialised countries to a meet a par of their emission
reduction targets under the Kyolo Protocol

-

The mechanism stimulates sustainable development and emission reductions, while giving industrialised
countries some flexibility in how they meet their emission reduction limitation largets.

-

The COM is the main source of income for the UNFCCC Adaptation Fund, which was established to finance
adaptation projects and programmes in developing country, parties to the Kyoto Prolocol that are particularly
vulnerable to the adverse effects of climale change

-

The Adaptation Fund is financed by a 2% levy on CERs issued by the COM

Source: https:/icdm.unfcec.int/aboutfindex himl

So, let us understand what this clean development mechanism implies. So, the clean
development mechanism or the CDM as it is called, it allows emission reduction projects
in developing countries to earn certified emission reduction credits CER each equivalent
to one ton of carbon dioxide. We will in this particular definition it is very important to
see this aspect which says each equivalent to 1 ton of carbon dioxide. We will shortly

come into discussing what it means.

So, these CERs can be traded and sold and used by industrialized countries to meet a part
of their emission reduction target under the Kyoto protocol. So, say for example, a
country a developed country x has set for themselves that they are equivalent their

carbon dioxide emission reduction has to be reduced by 12 level of 200.

So, but their production processes cannot stop. So, what they can do is the you can fund
certain activities and developing countries say setting up solar power stations or setting
up wind power stations. Because, the solar power station will generate electricity which
will have some offsetting effect on the otherwise the CO 2, which might have got

emission because of a thermal power plant will help them in buying carbon credits.

So, it 1s again like a concept in which we considered the whole globe as one entity. So,
entity x cannot reduce their carbon footprint. What they will do is they will fund entity
why to set up offsetting activity. So, the mechanism stimulate sustainable development

and emission reduction.



While giving industrialized countries some flexibility in how they meet their emission
reduction limitation targets. The CDM is the main scope of income for the UNFCC
adaptation fund which was established to finance adaptation projects and programmes in
developing countries parties to the Kyoto protocol that are particularly vulnerable to the
adverse effect of climate change. So, the adoption fund so, for each CER credit they take
2 percent levy on CER’s issued by the CDM.

(Refer Slide Time: 14:45)
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So, if you go onto this particular website UNFCC is a website you can see list of
projects. So, you can see here it is showing 9,577 notifications. So, you can see list of
projects; if you can see that 2 percent of CER so, adaptation fund this is the amount. So,
you can know how much amount this whole project is worth off. Then the host party it is
the place where the CER project the developing country where the ¢ CER credit is being
1 and these are the other parties, who are going to fund those activities and they are all

developed countries.
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ISO/TS 14067:2013

Greenhouse gases - Carbon footprint of products - Requirements and guidelines for quantification and communication

ISOITS 14067:2013 specifies principles, requirements and guidelines for the quantification and communication of
the carbon foolprint of a product (CFP),

based on International Standards on life cycle assessment (IS0 14040 and |50 14044) for quantification and

on environmental labels and declarations (150 14020, IS0 14024 and 150 14025) for communication,

There is also an ISO standard for this particular activity like how do we do this carbon
footprint calculation for products. So, this is called as ISO TS 14067 and this latest
version is from 2013. So, that is why the year 2013. So, it is called as greenhouse gases
carbon footprint of products requirements and guidelines for quantification and

communication.

So, it specifies principles requirements and guidelines for the quantification and
communication of the carbon footprint of a product. It is based on international standards
on life cycle assessment. So, when we were discussing about the life cycle assessment
we shortly touched upon the fact that it is based on 2 ISO standards 14,040 and 14,044.
So, it is this standard is based on that particular standard on environmental labels and

declarations for communication.
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carbon footprint of a product (CFP)

mass of 8 greenhouse gas
released to the alrnPspl' are
|

|
Sum of greenhouse gas emissions and removals in a product system, expressed as COz equivalents and
based on a life cycle assessment using the single impact category of climate change

So, according to this particular standard the carbon footprint of a product CFP is defined
as some of greenhouse gas emissions. So, when I say greenhouse gas emissions there
comes the concept of equivalents of carbon dioxide. So, there might be sulphur based,
sulphur oxides, they might be nitrogen oxide, they might be methane all those green
house gases they are converted into equivalents of carbon dioxide for the ease of making

the standard.

We had also discuss this while we were discussing the life cycle assessment of a product.
So, carbon foot print of a product is somehow green house gas emissions and removals
in a product system expressed as carbon dioxide equivalents and based on a life cycle
assessment using the simple is using the single impact category of climate change. So,
when I am talking about greenhouse gas emissions is the mass of greenhouse gas

released to the atmosphere.
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carbon footprint of a product (CFP)

Y]

Sum of greenhouse gas emissions and removals in a product system, expressed as COz equivalents and
based on a life cycle assessment using the single impact category of climate change

So, emissions is about what is released to the atmosphere, removal is of a greenhouse
gas, remove from the atmosphere. So, there can be certain activities in due to which

greenhouse gases will be removed from the atmosphere.

So, say for example, if my product system involves planting a tree which is also going to
absorb some amount of greenhouse gases. So, in my product system I have certain ways
in which I am also removing it. So, is similar to also like just try to recall your life cycle
assessment lectures, where we also spoke about how certain activities can get you credits
for removing damaging effects from the environment say for example, certain recycling

activities if you use certain amount of recycle products and so, on



(Refer Slide Time: 18:33)

BOTS 14087201

carbon footprint of a product (CFP)

Sum of greenhouse gas emissions and removals in a product system, expressed as COz equivalents and
based on a life cycle assessment using the single impact category of climate change.

converted into CO. equivalents
using global warming
potentials

So, both emissions and removals carbon dioxide equivalent. So, mass of a greenhouse

gas is converted into carbon dioxide equivalents using global warming potential.

(Refer Slide Time: 18:43)

IBOTS 140872013

carbon footprint of a product (CFP)

Sum of greenhouse gas emissions and removals in a product system, expressed as CO2 equivalents and
based on a life cycle assessment using the single impact category of climate change.

1x = carbon dioxide (CO))

25 x - methane (CH.) - Releasing 1 kg of CH. inta the atmosphere is about equivalent to releasing 25 kg of CO
298 x - nitrous oxide (N.O) - Relaasing 1 kg of N.O into the atmosphare is about equivalent to releasing 208 kg of CO2

So, say for example, 1 unit of carbon dioxide is the base unit for example; methane is if
you are talking about methane then releasing 1 kg of methane into the atmosphere is
about equivalent to releasing 25 kg of carbon dioxide. So, we multiply it by 25. In case

of a nitrous oxide, 1 kg of nitrous oxide into the atmosphere is about equivalent to



releasing 298 kg’s of carbon dioxide. So, I multiply by 298 x. So, that is how my concept

of carbon dioxide equivalent comes up.

(Refer Slide Time: 19:23)

carbon footprint of a product (CFP)

Sum of greenhouse gas emissions and removals in & product system, expressed as COz equivalents and
based on a life cycle assessment using the single impact category of climate change.
I\
I
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Life cycle assessment so, it is compilation and evaluation of the inputs, outputs and

potential environmental impacts of a product system throughout it is life cycle likely

head already covered.
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Offsetting

Mechanism for compensating for all or for a part of the CFP through the prevention of the release of, reduction

in, or removal of an amount of greenhouse gas emissions in a process ouiside the boundary of the product
system.

Example of investment outside the relevant product system: in renewable energy lechnologies! energy
efficiency measures/ afforestation/ reforestation and so on,



Then coming to offsetting so, how are we defining offsetting as per the standard. So,
mechanism for compensating for all or part of the CFP through the prevention of the
release of reduction in or removal of an amount of greenhouse gas emissions in a process
outside the boundary of the product system. So, it has to be outside the boundary of your

own product system then I am calling it as a offsetting process.

So, say example prevention of the release off. So, if I know that my production process
or my product releases so much amount of carbon dioxide equivalent or so, much
amount of green house gas then I might do certain activity say some adsorption
technique. So, that the release is prevented or say I can do certain amount of reduction
into it or say some amount of removal say for example, investment outside the relevant

product system.

Say in renewable energy technologies so, when I say that I am preventing the release of
my emission of greenhouse gases at the factory gate itself what I am considering is [ am
still inside my product system. But, the offsetting activity over here to be able to get

carbon credits and so, on, it has to happen outside the boundary of the product system.

So, investment outside the relevant product system in renewable energy technologies. So,
what this renewable energy technology we will do is reduction in CO 2 emission which

might be caused due to thermal power plants.

Or say energy efficiency measures outside my product system not inside my product
system. So, if I do certain energy efficiency measures then I will be able to reduce or
remove certain amount of emissions say for example, if I fund a project in which LED
bulbs can be distributed. So, I pay for the LED bulb, LED bulbs can be distributed in

many homes that is like energy efficiency in measure for lighting.

And I am helping to prevent emission of equivalent amount of greenhouse gas emissions
or say some kind of a forestation activity where your planting trees or some kind of a
reforestation activities and so, on. So, one has to be careful of the fact that this particular
for the offsetting it has to happen outside the boundary of the product system. Of course,

within the product system you will always try to reduce your carbon footprint.



But, for the concept of offsetting we are talking about outside the product boundary.
Carbon storage, so, carbon storage in terms of carbon storage in a product it is like when

carbon is removed from the atmosphere and stored as carbon in a product.

(Refer Slide Time: 22:57)

Carbon Storage

carbon storage (in product) - carbon removed from the atmosphere and stored as carbon in a product.

In the same light we can also have terminologies like greenhouse gas source which
produces greenhouse gases and greenhouse gas sink place or a activity or a product
which absorbs greenhouse gases. Say for example, forest is a greenhouse gas sink;

factory is a greenhouse gas source. Next coming to the concept of carbon trade exchange
CTX.
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Carbon Trade Exchange (CTX)

enables buyers and sellers to iransact carbon credits electronically,

-

is the first commercial pariner to the United Nalion CDM Registry, which makes it possible to access UNFCCC
Certified Emission Reductions (CERs) for voluntary cancellation via the CTX global voluntary carbon market
exchange

-

lists Carbon Credits certified by the Gold Standard and United Nations COM

* trades in CERs, VERs, VICUs, EUAs, REDD, REDD+ and other units,

So, CTX enables buyers and sellers to transact carbon credits electronically. So, first the
carbon credits needs to be calculated then it needs to be traded. Because, we are using
the terminology trade so, you can look upon carbon trade exchange like stock exchange
where trading constantly keeps on happening and prices of the traded units. So, we will
shortly see what are the traded units, the trade the prices of the traded units will keep on

wearing.

So, it is the this carbon trade exchange is the first commercial partner to the united nation
CDM registry, which makes it possible to access UNFCCC certified emission reductions

for voluntary cancellation via the CTX global voluntary carbon market exchange.

It list lists carbon credits certified by the gold standard and United Nations CDM. So, 2
types of carbon credits are credit over here, one that is certified by the gold standard that
is one of the standards we will not go into the details of it, if you are more interested into

it you can read about them or this United Nations CDM project.

So, the units in which trading happens are called as CER’s. So, you already know what
CER is it is a certified emission reduction, VER’s, VCU‘s, EUA’s REDD and REDD

plus and some other units.
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* VERs - Verified Emission Reductions, also known as carbon credits or carbon offsets
* EUAs - EU allowance unit
* YCUs - Verified Carbon Unils

* REDD, REDD+ - Reducing emissions from deforestation and forest degradation in developing counlries

So, VER stand for verified emission reduction they are also known as carbon credits or
carbon offsets. EUA stands for European Union alliance unit, VCU’s they stand for
verified carbon units, REDD and REDD plus they stand for reducing emissions from

deforestation and forest degradation in developing countries.

So, from these few examples of units you can see the width and the spectrum of different

units which are being traded at CTX. Then comes carbon neutral.

(Refer Slide Time: 26:01)

Carbon Neutral

* A company is carbon neutral when it measures its carbon footprint, reduces its emissions and buys carbon
credits o balance out the difference.

* Every business has a carbon foolprint made up of emissions associated with energy usage, transportation and
wasle.



So, what do we mean by carbon neutral? So, you might have heard that certain
companies claim that they are carbon neutral. What are say there are certain regions who
will claim that we are carbon neutral. So, what does it mean? So, company is carbon
neutral when it measures it is carbon footprint reduces it is omissions and buys carbon
credits to balance out the difference. Every business has a carbon footprint made up of

emissions associated with energy usage transportation and waste.

So, you do not naturally become carbon neutral if you do not consciously try to make
your foot print 0. So, what you have to first do is measure it, then you reduce your own

emissions and you do certain offsetting activities.

(Refer Slide Time: 27:07)

Next

Design for Sustainability - Engineering Design Criteria and Guidelines

In the next lecture we will be discussing about design for sustainability, engineering
design criteria and guidelines. So, these criteria and guidelines are helpful in case you do
not have the time say for example, to go ahead with an entire product service system
design. Because a products service system design, sustainable product service system
design, it is very good design approach. But, that amount of time required the number of

exports required or number of stakeholders involved is very large.

So, there might be times where you are not able to go to that approach, but you still you
can make a more environmental friendly product by taking into consideration these

engineering design criterion guidelines.



So, these criterion guidelines they help you to also assess a certain product on the
criterion guidelines and also helps you in ideating on to features, which will bring in
better environmental friendliness in the different features. But, this particular method it is

only target it towards the environmental dimension of sustainability.

Thank you.



