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Hello, welcome back to the third module of week 8. So, as we know this is the last week
and | showed you few examples in the previous module, we looked over the two
examples again these are the case studies from actual projects which has been done
either research project or the student projects that we have looked at.

So, again today we will try to go over three projects again | will give you a quick
overview, and these materials will be available to you can go over that in more detail and
this is kind of repetitive because we do the same stuff again and again in terms of goal
and scope definition, functional unit life cycle inventory, as well as the impact

assessment and those calculation.
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So, the first module as you can see this is on we are looking at a comparative life cycle
assessment, this is a competitive life cycle assessment of conventional hand dryer and

roll paper towel. So, this was a study which was done couple of years back, and this was



a study funded by a campus it was a university many university campus is now have
sustainability office. So, this particular we this particular study we looked at whether in a
washroom if you go for after you use the washroom you have to dry your hand. So, while
drying the hand should we go for a paper towel this dispenser unit, with a paper towel in
there or should we use a hand dryer hand dryer which is electrical the hand dryer you go
to any airport today and you find that, you find the hand dryer and you also find paper

towel at many places.

So, when you compare these two again you have to kind of think about what will be the
function, what is the functional unit. So, this particular study was done as | said few
years back and here we looked at this one. So, when we started looking at this particular
study the question comes is how will you do it. So, as you can | will try to explain it
using some of the figures from here. So, as you can see on this particular figure there are.

(Refer Slide Time: 02:32)

If we had two systems we have a system of android and the other system is paper towel.
So, for both of this system we need to come up with a functional unit. So, the function
unit for this is a essentially what is the function? If the function is to dry the hand after

the usage of washroom.
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So, when you are trying to dry the hand it is essentially your pair of hands. So, this is the
pair of hands is our functional like a functional unit. So, drawing of a pair of hand could
be a functional unit in this case. So, for both of this product the function that it provides
is drying the hand and, functional unit could be a set of drying hand. Now with that
functional unit we are either using the paper towel or we are using the hand dryer. So, we
can use either of them two. So, we have now two different systems. So, what for these
two difference in this particular figure we are trying to show that in terms of a system
boundary again it will be you your material acquisition, you are like a transport and since
this work was done in Canada and so we and the material this particular product was
made in US. So, we assume that all the manufacturing in USA and the transport to

Canada to this particular campus unit.

So, when you try to go for life cycle inventory as you know we have to go for the life

cycle inventory.
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So, for the life cycle inventory as you can see over in the picture on the top here, we are
all we did not knew what is there in the material. Of course, you what you will do is a
this is two different products you can go to their website and try to find out the
composition, when you try to find the composition you have to actually look at each and
every item which is present in that particular product, but many times you do not have
that information or what happens is the company will not give you the information
because of the proprietary reason. So, in that case what you could do which was done in
this particular study is we have we took one of paper dispenser, and we also took it this

one.

So, I like a hand dryer electrical hand dryer we took it apart as you can see in this picture
on top here this is the how we have actually taken apart the hand dryer as well as the
dispenser unit, now each and every way to each and every item present here like how
much is a plastic how much is a metal. So, all these materials all these items waved and
then after waving these items, we could come with this life cycle inventory. There were
certain materials which we were not sure what they are. So, there you need to get the
help of your material science professors on campus or your material science colleagues
and they can help you to find out what are those material out there, the other way you
can go for xrd or xrf for those kind of analysis to come up with what kind of material is
it. So, bottom line is that for each and every component which is present in a significant

way, if you are many times what we do if it is a small screw a small very small part of



like a piece which is we are not sure what it is you can ignore that, but for most part you
can we should able to we should be able to find out. So, that becomes your life cycle

inventory.

Now, for this life cycle inventory of the product you can use it you can use a software
and this particular studies sima pro was used as a software that is one of the software
sima pro is as said | thing in the previous classes well you can download sima pro there
is a student version of the sorry demo version of that software available which lets you
play with that a little bit it, also has a manual which comes with that and also has like a it
is a software manual as well as there is a | ¢ manual which comes, with a certain solved
example which you can walk through in using that software. So, it is a good tool with
those two documents actually you can learn the software part of it, which unfortunately
we could not cover in this class that much because of we did not have any lab. Usually if
we have a lab in a course if | am teaching course like a regular course in campus you will

be lab associated with that and we cover the software part in that lab.

So, coming a. So, once you have this LCA inventory then you have the standard way of
in putting all this LCA inventory data into the software then that will give you the then it

will give you that different impact categories.
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So, you look at the impact categories of the differ of the system and you come up with all
the up what is the impact in terms of the global warming as in this particular table on top



you can see the global warming potential, human health equality resources, and what we
found is this if you are using the recycle paper and if you are using this; if you are
whatever is the paper coming after the usage if you are compositing that particular paper
this paper towel came out to be a better option than the hand dryer unit. And again the
hand dryer unit energy is the major consumption, so energy you have to be careful what
kind of energy you are using, is it a coal based thermal power plant, is it is a hydro, is it a
nuclear power. So, based on that your answers will change, but for this particular setting
in the province of Ontario in the southwest Ontario, again the geographical region means
is a very very important in terms of looking at what will be what is the like a output for

that particular system.

So, geographical region does play a good role in terms of deciding what is how the
output will be. So, in this particular case Ontario, southwest Ontario this was a (Refer
Time: 08:12) university setting we found out that this in this particular case of that paper
towel with was came out to be a better option, and assumption was paper towel is recycle
paper towel and the residue after the usage is going to a compost facility. So, this is and
again that this material is available.
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And we have made this available to you. So, you can | say part of the week eight
material you have access to this. So, you can have a look at that in as a reading material.

So, this is one example. So, | will kind of go through two another two examples quickly



which is kind of related to each other. So, these days we are going a lot in terms of

looking at looking for a in a bio bioplastics.

So, that is another example where you can use it. So, here this is a plant based plastic
water bottle. So, whether is it a green washing, or a small step in the right direction. So,
if you are trying to do this life cycle assessment of environmental profile of PLA and
PET water and PET PLA is the pop, it is bioplastic and PET is the regular plastic bottle

that we use.

(Refer Slide Time: 09:27)

Backeround Information

» The bottled water market segment in the USA and
Canada represents a $16 billion product category

» Typically made from polyethylene terephthalate (PET)~
non renewable resource

The bottled water industry is
dominated by

» Polylactic acid~ commercial interest in recent years, in
light of its renewability and compostability

So, here some background we know the bottled water industry is dominated by the
different companies bottled water is becoming a big (Refer Time: 09:34) in some sense
you can also say it is a big new sense actually in today in terms of what is happening in
the industry. So, even if you are in any meetings we go today in any conferences or any
even a small meetings you see lots and lots of plastic water bottle, and this water bottles
are becoming a new sense in terms of plastics into the environment, with huge amount

plastic waste coming to the environment.

So, there has been push in terms of rather than using this plastic water bottle, we can we
go for a bioplastic where we can use this bioplastics for instead of this traditional plastic.
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Backeround Information

First generation hCA of PLA~ same fossil energy
requirements

Current LCA- fossil requirements 10 times lower due to
energy utilization in production plant

Few studies show no clear win but trade offs

Calculations of impact depends on the system boundary

So, in first generation of LCA of PLA is same fossil fuel requirement was there. So,
there it was they were looking at, but the fossil requirement was ten times lower than
what is required in to in terms of regular plastic, there is no there have been few studies
which shows no clear win or trade off. So, we try to do say study here and as | said
earlier in the lecture material that system boundary plays a major role in terms of how
you are looking at, what kind of impact to you see it depends upon the system boundary.
If you can play with the system boundary and you can make looks something very good
or you can make look something very bad as you play with the system boundary.
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Goal and Scope

» To compare the environmental impacts of PLA
and PET drinking water bottles

» Key audience of this LCA~ Faculty, TA and
Students of ENGG 4070

» Cradle to grave LCA

» Extraction of raw materials, process of resin
production, bottle production, end-of-life disposal
L2




So, in this particular work again this was a kind of a project the student driven project
where one of my student has done it, it is a hot slide. So, if they compare the
environmental impact of PLA and PET to drinking water bottle here the cradle to grave
LCA was done.

(Refer Slide Time: 11:19)

Functional Unit

» Function of 1 bpttle~ provide 500 ml of water

» 1000 units of 500ml bottle to be used for
drinking water~ Functional Unit

» Bottles were considered to be of same mass and
life time

» 1 bottle~ 12.2 gm; 1000 bottles~ 12.2 Kg-~ 1piece

And from extraction of raw material, process of rays in bottle production end of life
disposal all things was done. So, in terms of the funds again we have to after having the
goal and scope next thing is functional unit. So, here we use the function of one bottle
like a 500 ml bottle which is not the one liter bottle, which if you have 500 ml bottle. So,
provide 500 ml bottle of water. So, we have we take thousand units 500 ml bottle just
you could take one unit as well, we use thousand units of 500 bottle as the functional

unit, and the bottles where considered to be of the same mass and life time.

So, it is one bottle was around 12.2 grams. So, thousand bottle becomes 12.2 kg, so that

is our functional unit in terms of this particular exercise.
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»Consumption stage- same for both the bottles-excluded

So, this is how the system was look like, we had extraction and refining of crude oil to
get the PET granules, then corn farming and wet milling to get the PLA, PLA granules
and then it will be to be transported to the bottle production process, there would be
some waste being produced then you have the bottles to send in going to the consumer
some transportation further and then you have the waste which is which waste scenario
that has to be that has to be managed. So, and then in which process we have the in terms
of corn farming we have CO2 as the input, some resources as the input, water also as a

input, emissions to air and water and the waste that is being produced.

So, this is as. So, consumption stage in terms of the consumption of the water sensors
both since it will be same for both whether it is a PET or the PLA we have excluded that;
as | have mentioned earlier if you remember in earlier lecture | said that if certain
processes are same in comparative LCA you can eliminate one particular process, you do
not have to include that because for product a verses product b the impact would be the
same. So, rather than doing that exercise you can exclude that exercise and do it on the a

stuff which is not common between product a and product b.
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Methodol _

Software
= SimaPro™ (Pre® Consultants, Netherland)

Blow Molding Process

Database

= FEcoinvent (USED Prepreg, @ ’K 6
Processes ! l: ] )

= Production of PLA & PET pellets

# Production of Bottle- Injection and Blow molding process

Transportation
# Resin production unit to bottle production unit- 1000 km by truck, 1000 km by
trair

» Waste collection plant- disposal scenario- 100 km by truck

So, then in terms of the methodology that the software was used sima pro again was used
for this, there is an sima pro is actually | have sima pro license that is why you see that
most all the examples | am showing you we have we have you use sima pro, but you do
not have to you see sima pro, it is not that we have to it is that that is the only software
out that I am not indorsing a particular product here you can use (Refer Time: 13:39) you
can use open, LCA or you can use any product of it is very simple LCA we can do it

using excel spreadsheet.

So, it is all depends on you what you want to do, but in most in th since I have license of
sima pro. So, that is why you see all the examples coming using that sima pro software.
So, just wanted to make that clear and then data this software come with ecoinvent
database which we talked about earlier and then we looked at production of PLA and
PET bottles production of bottle injection and blow molding process, then transportation

and all those factors came in picture.
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Methodology

Waste Scenarios

PLA and PET

» Incineration

Impact Assessment

¥ Impact 2002+ - Endpoint
¥ Recipe Midpoint H
Assumptions
<+ No bottle is being retaingd by the consumer- all undergo waste treatments
PLA and PET do not degrade in landfill due to anaerobic environment
Production efficiency of PLA and PET from recycled waste-90%
All the recycled PLA and PET granules used for production of new bottles

FLA treated as PET

So, in the waste scenario we assumed different cases 100 percent landfill, 100 percent
incineration, 100 percent recycling, 50 percent landfill, 50 percent incineration, 50
percent recycling, 30 percent landfill, 20 percent incineration. So, different scenarios we
are looked at, and there are different impact assessment if you remember we talked about
that. So, here we use both impact 2002 plus as well as the recipe midpoint H. So, both
use certain assumption where made as you have to do in any of these LCA exercise there

will be certain assumption that you have to make.

So, no bottle is being retained by the consumer. So, that is one exemption, they do not
degrade in a landfill and anaerobic environment, production efficiency of recycle waste
is around 90 percent, and all the recycle PLA PET used for production of new bottles

PLA are treated as PET in terms of like it is a usage.
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Normalization of All Scenarios

" PLASOW R/ 30% L/ 20%1
PLASO% L/ 50% 1

® PLA 100% Recycling
PLA 100% Landfill

* PLA 100% Incineration

" PETSONR/30%L / 20% 1

" PETSO% L/ 50%1

» PET 100% Recycling

» PET 100% Landfill

» PET 100% Incineration

So, in terms of if you look at the different once you put the all these data into the
software, and then you look at and then you go for the impact categories what we found
that the human toxicity, freshwater eutrophication, freshwater ecotoxicity, marine
ecotoxicity those for your kind of coming out to be the major ones for the different
scenarios; then in terms of the midpoint we saw climate change, agricultural land
occupation fossil depletion, and the end point we saw the carcinogens and the non
renewable energy. So, those were the once which was coming out in terms of the

normalization of the different scenario.
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So, what we saw is that there was a significant difference like a we in terms of the we are
not kind of there was some sort of difference was found will may not be significant if

you do the statistics on that, but there was some different in terms of PLA and PET
where we found that PET to be little bit more toxic.

(Refer Slide Time: 16:12)

Cradle to Grave-~ Carcinogens (End Point)
]

750% reduction by
avoiding purification of
terephthalic acid

Cardinogens (Kg C2H3(Cl)

And as there was in in terms of if you look about the PLA there was 75 percent

deduction by avoiding purification of terephthalic acid. So, that did in PET case we saw



high impact in terms of carcinogens, PLA shows less impact 7700 and 50 percent

reduction.
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Process contribution (kg C,H.Cl eq)

Remaining
Process

Ethylene

Xylene

:,':::"'z:' L PET- 100% Recycling

PLA- 100% Landfill

Remaining
Process

e Ethylone

Xylene

And there is some PLA if you goes to 100 percent landfill PET 100 percent recycling,
what will what are the different process we looked at that. Then in terms of the cradle to
grave fossil depletion a reduction of 18 kg of oil equivalent in case of PLA, now
reduction in terms of cradle to grave energy non renewable energy we saw reduction of

341 mega joule of energy for PLA.

So, again you as you can see we had in all these categories PLA came out to be better
than a PET and, but in terms of the climate change in terms of the cases we have to
equivalent we saw the reduction around 14 kg CO2 equivalent if we use PET rather than
PLA. But here you have to we have not taken the consideration that the CO2 that is
being used for production of PLA is those biogenic CO2. So, if we take that factor into
account this number will change; then land use since PLA is used is a based on bios
during more land, so in land use 360 percent increase in land use. So, for the land use

categories actually PET came out to be better.
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PLA or PET 77?7

PET PLA

e 750% highin « 360% High land use (m?a)
carcinogens (Kg C2HsCl)

= 5% high Toxicity (Kg 1,4-
* 22% high in non- DB eq)
renewable energy (MJ

i
rimary) « 13% high in Climate

Change (Kg Co,eq)

So, that is. So, PLA or PET as a summary in PET we saw 75 percent high in carcinogens
22 percent high in nonrenewable energy. PLA 35 30 60 percent high in land use 5

percent high toxicity 13 percent high in climate change and again here.
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Single Score Value

Small step in the right direction??

So, these are the stuff so, but if you look at the in terms of a single score value what you
see is the PLA comes out to be less than PET, when you try to go for the comparison
between the two and it kind of gives us a indication that yes it is a small step in the right

direction where we are trying to go towards from PET to PLA.
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Limitations & Conclusion

» PET-Mature Technology; PLA- Early Stage of Development
Results- Only Raw consideration

Data Limited on Recycling process

>
>
» Avoided products not considered
>

Transportation- Biggest contributor to environmental impacts-
Accurate data required for precise LCA

Due to uncertainties in LCI data- Results reported here are only
for the raw consideration of the environmental impact of PLA
and PET

So, that is but there are certain limitations and conclusion we already due to uncertainty
result reported here for the raw consideration of environmental impact of PLA and PET
data is limited avoided products not considered, transportation we essentially assumed to
be the same so those things where there in terms of for this particular project.

So, then again one another example to just to show you how this system can be used, so
now, we will get to the last example which; again this is a case study of where we have
this is a actually real project one of our M.tech student just finished in six around eight
months back now and he had won on this he worked on this particular case study, where
it was an LCA of an algal biomass plant microalgae to biofuel. So, this work was this is a
we have a Nalco plant and national aluminum company which is an angul. So, this was

based on work being done at Angul facility of Nalco.
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s Microalgae To Biofuel

* Fossil fuel: Non-renewable, In the verge of extinction

* Crude Oil and Natural Gas reserves will be diminished around 2051-52 and
coal might last a few longer around 2100 or so (CIA/ Shafiee & Topal)

* BIO-FUEL
= Energy source made from living organism or their metabolic by-products
~ can be prepared in much lesser time

= First Generation: fermentation of sugar, starch or transesterification of vegetable
oil; Example: Ethanol, biodiesel (bio alcohols), green diesel, biofuel gasolitie, ¢
ether, bio; ;, A%, suln| hmfm-l-«

= Second G BIOC and such feedstock; Exs "“i
Cellulosic ethanol, .lbw- .\u-n“‘lnlln-lu bio hydrogen, methanol, dimethyl furan
el

= Third Generation: Micro-Algae

+ Carbon Sequestration
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So, what here it was and some background we will not worry too much about that | will
just go to the essential of the problem. So, the from the microalgae is let us go to this. So,

this, these are some of the background information how the life cycle is done.

(Refer Slide Time: 20:04)
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Life Cycle Assessment (LCA)

Raw Material

Acquisition ATMOSPHERIC

RAW
MATERIAL IV [~ EMISSIONS
N

Manufacturing

.{ l psCO-PRODUCTS
ENERGY = Use, Reuse & N
Maintenance

[
Recycle & Waste R
Management

Life Cycle Stages

And all that you already have information on it this is your classical 1SO diagram goal
and scope definition inventory analysis impact assessment and the interpretation part of
that. So, and this is your life cycle stages craft. So, these are all your kind of summary of

the previous one.
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LCA of an Algal Biomass Plant : Microalgae to Biofuel

OBIECTIVES: 5

1. Estimate the carbon footprint of the microalgae to biofuel manufacturing process
using Hydro Thermal Liquefaction

»

Compare the potential impact between two conversion process: HTL and Pyrolysis

3. Comparison of potential impact between Biodiesel, Bio-oil and Fossil Fuel Diesel

So, in this particular project our objective was to estimate the carbon footprint of the
microalgae to biofuel manufacturing process, using the hydro thermal hydro thermal
liquefaction then we also compare the impact between the two conversion process which



is the HTL, which is the hydrothermal liquefaction and Pyrolysis then we also compare

of our potential impact between the biodiesel, bio oil, fossil fuel diesel that was done as

well.
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Life Cycle Assessment (LCA)
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So, in terms of life cycle assessment what we were more worried about is the use reuse

and maintenance part because that is what kind of the focus of it.
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So, if you look at the microalgae conversion pathways there are different pathways out

there, but in this particular project the focus was what you see in the blue or light green



colour, a boxes that you see there microalgae biomass to thermochemical conversion
pyrolysis and liquefaction, where you have the bio oils in gas and the other bio oil which

IS present.

So, as the first objective was to find out the carbon footprint. So, we are not doing a
comparative LCA, this is the standalone LCA as | said earlier in the course as well you
do not have to do comparative LCA all the time. This is a we essentially we are trying to
find the carbon footprint of this particular process, that we can do for any process or any
product; as | said earlier to say even for a pen like this if you want to find out the carbon
footprint of this pen you can do it and use using the same step. So, the goal here is to find
the carbon footprint of this pen, similarly in this particular project here we have to find a
carbon footprint of the microalgae to biofuel manufacturing process, and the process was
using the HTL which is the hydrothermal liquefaction.

So, how will go about that? So, first any project like this what you will do, you have to
come up with the process diagram. So, you do not have to be too much fancy make

boxes are clean neat boxes and write down all the processes that will happen.
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Process Description:
Microalgae to Bio-oil through Hydrothermal Liquefaction
(HTL)

CO, Mass Microalgae ‘

BIO-OII

So, you can see in this particular image over here, you start with what are the process
CO2 we take the CO2 mass transfer we grow microalgae, we harvest the microalgae,
separate the cell, do the hydrothermal carbonization is stabilized hydro process it, and
then produce bio oil. So, that is very simple process which is going on and other CO2 is



coming from the cogeneration plant at the site. So, rather than remove releasing that CO2
into the atmosphere it has been used to cultivate microalgae and in the process to

produce the bio oil.
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Hydeo Thevmal Liquetaction (HTL)

So, and this is a like a since we are using HTL this is a process diagram for HTL, where
you the blender, algal biomass and sodium carbonate high pressure solid pump then you
have your pre heater HTL reactor cyclone and all that things which is being used as a

diagram for HTL.
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Goal of the LCA Study:

To assess the potential environmental burden and impact of BIO-OIL production using
power plant flue gas through Hydro thermal liquefaction process at an algal biomass
plant at eastern India

Scope of the LCA Study:

A gate to gate system boundary, mainly the manufacturing proc eps and coproducts are
subjected to this study

Functional Unit of the LCA Study:
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And the goal of the study to assess the potential environmental in burden of the bio oil
production is scope is gate to gate system boundary we have a gate to gate, not cradle to
gate or cradle to grave and the functional unit is one kg of process bio oil, so again goal
and scope functional function and functional unit so this is you that is the number one
thing that you have to do in any LCA exercise, and as we have talked earlier for any of

these exercises.
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Assumptions:

* Growth of microalgae follow phototrophic pathway. Using Sunlight as the energy
source

* Algal biomass absorbs sun light uniformly
* Climatic conditions remain unaltered during 20 days cycle of algae cultivation

* Hydro thermal liquefaction (HTL) plant is co-located with algae production
plant |

* Exclude those parts which have less than 0.5% impact overall

+ Construction and maintenance of plant do not have significant environmental
impact, thus excluded from the LCIA study.

There will be certain assumptions that you have to make, assumption was the growth of
microalgae follow phototrophic pathway they using sunlight as the energy source, algal
biomass absorbs sunlight uniformly, climatic condition remains unaltered during 20 days
of cycle the algae cultivation, HTL plant is co located with algae production plant. So, no
transportation much involved. They we exclude any process which has less than 0.5
person impact over all construction and the maintenance of the plant do not have

significant environmental impact that it reproducing | excluded from LCA study.
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Then you come up with the system boundary that is your system boundary from the
power plant the CO2 is coming it is going to scrubber and heat exchanger open culture
pond, and dry then HTL, heat exchanger oil water separation bio oil production. So, this
is the whole system boundary of the system then you do your life cycle inventory.

(Refer Slide Time: 24:31)
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So, the life cycle inventory data for this particular exercise was either collected from the
plant after visiting the plant and collecting the data or getting the data from where, or
some of the data which was not available as you can see in the with the plant in this



particular table on the right hand side at the bottom, this were mostly reference data from
the literature. So, these data we calculated that these are the reference data rest of others

where all our like data from the particular plant itself.

(Refer Slide Time: 25:03)
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SimaPRO8.0.3

And then you put them in the life cycle inventory this is how it look slide in the software,
on the screen of the software again to sima pro 8.0.3 and you can have your bio oil HTL
algae hydrothermal liquefaction bio oil stabilization hydro processing that reach within
each you have the different unit process and for each of these unit process we have the
input and output coming in.
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Life Cycle Impact Assessment (LCIA):
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So, if you when you go through that after you look at the all these impact categories and
for the like in different units we have the total we have the like the total impact from the
one from Lg HTL bio oil stabilization and hydroprocessing. So, basically you add them
up and then you get your total impact for each of these categories.

(Refer Slide Time: 25:49)

Life Cycle Impact Assessment (LCIA):
ReCiPe Midpoint (H) V1.10 / World Recipe H
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And then you can plot it and as you can see the yellow part which is the bio oil

stabilization kind of has the biggest share of the impact that we see followed by the red



colour which is the hydrothermal liquefaction. So, based on the recipe midpoint h

method.

(Refer Slide Time: 26:06)

Global Warming Potential

(HTL)

Bio-oil 1.5914
Stabilization
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So, in term of the IPCC global warming potential what we saw that the HTL had a higher
contribution, and then followed by bio oil stabilization in algae production and then
hydroprocessing. So, that is how it was; it was found on totally it was around 13.07 kg

equivalent.

So, that gives us the carbon footprint; that gives us the carbon footprint of the whole
process now the second part objective of this was to compare the potential impact
between HTL and the Pyrolysis.
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Process Description:
Microalgae to Bio-oil through Pyrolysis
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So, if you want to compare these two particular process how we can do it, again you go
back and look at your process flow diagram only thing is the drying and the Pyrolysis

these two are what is the kind of changing whereas, compared to earlier.

(Refer Slide Time: 26:54)

Inventory Comparison : Pyrolysis and Hydro
Thermal Liquefaction(HTL)
STEP Unit PYROLYSIS* HTI
Drying (Rotary MJ/kg Micro Algae 770 NA
Drum Method)
Temperature C 400 350
Catalyst (Na,COy)  Kg/Kyg of Microalgae 0.027 0.039
Process Energy MJ/Kg of Microalgae 10.21 5919
Intake
Heat Recovery % 85 85
Bio Oil Yield Kg/Kg of Microalgae 0.203 037
Bio Oll HHV MJ/Kg of Bio Oil 387 M
“Data Source Edward P Benndon. “Lite Cycle Asse s Diotuel: Thevmochemical Processing Theough Hydoothesmal
Liguetaction or Pyrolysis”, 3014, All graduate 3, paper 311, Thesls Submitted 10 Ufah State University

So, you do you look at the step for the Pyrolysis and the and the hydrothermal
liquefaction, you look at different units sorry the steps like the drawing temperature
catalyst process energy impact, heat energy, bio oil, bio oil, real bio oil (Refer Time:

27:07) and then you look at there what is the in terms of parameters for both Pyrolysis



and HTL; and some of these data was available from the literature again you put that into
the life cycle inventory Pyrolysis sima pro, and then you get your unit processes and you
get in terms of it like a clamp impact into for bio oil HTL and bio oil Pyrolysis for the
different categories, and as you can see for some cool climate change bio oil Pyrolysis is
much higher and foremost of the most of the categories you see the bio oil Pyrolysis to
be higher than bio oil HTL.

(Refer Slide Time: 27:51)

Life Cycle Impact Assessment (LCIA):
ReCiPe Midpoint (H) V1.10 / World Recipe H
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And which you can see over here as well the bio oil Pyrolysis is the red colour, and bio
oil HTL is a black colour and you see that they compare the different impact categories

between them.
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Life Cycle Impact Assessment (LCIA)
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So, here what we found that bio oil Pyrolysis is if we normalize that to 100 percent, the
impact for bio oil HTL was somewhere around 35 percent. So, it is almost nearly one
third of that. So, that is the comparison between the two then if you compare between
biodiesel bio oil and fossil fuel diesel.

(Refer Slide Time: 28:23)

or Bernord, “Lite Cycle Asssssiment of
Nov 2009, vol. 43, pp 64756451
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Comparative Life Cycle Impact Assessment Of
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Just to again similar stuff you go back and then put this into the sima pro, you get your
output and two different impact categories, and here bio oil Pyrolysis again leads in
terms of climate change for followed by bio oil diesel, and then you have your for the

different categories looks like.

(Refer Slide Time: 28:43)

Comparative Life Cycle Impact Assessment Of
Bio-oil (HTL), Bio-oil (Pyrolysis) & Biodiesel
ReCiPe Midpoint (H) V1.10 / World Recipe H
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(Refer Slide Time: 28:54)

Comparative Global Warming Potential (GWP100a)
Impact Of Bio-oil (HTL), Bio-oil (Pyrolysis) & Biodiesel

Global Warming Potential
1IPCC GWP 100a

Unit: Kg CO, equivalent

Biodiesel 2348965
Bio Oil (HT1) 13.07429
Bio-oil 40.77975

(Pyrolysis)
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If you plot them out, you see this bio oil Pyrolysis is kind of shows higher as then the bio
oil HTL and then finally, if the biodiesel. So, biodiesel sorry bio oil HTL was kind of in
the middle. So, in summary you see that your bio oil Pyrolysis the yellow one which is
has a higher the global warming impact followed by biodiesel which is black one and

this red colour is we have this bio oil HTL which is kind of in the middle.

(Refer Slide Time: 29:16)

Comparative Life Cycle Impact Assessment Of Biodiesel, Bio-oil
(HTL), Bio-oil (Pyrolysis) & Fossil Fuel Diesel
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So, in terms of a compare that for the different impact categories different unit different
processes that we get here including that fossil fuel, and what we found the different you



can put you can even your represent your data you can represent in this particular way
for the different impact categories you can see different units for different impact
categories, you can convert all this unit to CO2 equivalent at some particular point of

time as well.

(Refer Slide Time: 29:42)

Comparative Life Cycle Impact Assessment Of Biodiesel, Bio-oil
(HTL), Bio-oil (l’?/rolysis) & Fossil Fuel Diesel
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So, and then the same data has been plot in the next graph, the table that you see here is
the next slide shows the graph for that. Where water has been this one particular category
the biodiesel no sorry the fossil fuel diesel has been put at 100 and the others is based on
that particular impact based on that, and as you can see where the fossil fuel diesel then
we have our bio oil Pyrolysis followed by bio oil HTL, and biodiesel and some

categories.
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You see the difference as well in terms of and then finally, if you normalize all the four
types of fuel and with taking fossil fuel as number one or any other which is sources as
number one, whichever is the highest data is considered at number one and then if you
can normalize for different impact categories what we found is the fossil fuel diesel was

the highest in terms of impact and the lowest impact was from bio oil HTL followed by
the bio oil diesel.

(Refer Slide Time: 30:40)

CONCLUSION:

+ Comparative LCA study of bio-oil production through Hydrothermal Liquefaction
and Pyrolysis Process.

* NER for HTL process is 0,914 and for Pyrolysis process 2.383

* GWP for HTL process is 10,225 L§ CO, eq, for Pyrolysis 38.33 kg CO, eq, Biodiesel 23
kg CO, eq. and Fossil fuel diesel 311 ki CO, eq,

+ Comparing “ReCiPe” impact assessment results, the best alternative is Bio-oil through
HTL process with the lowest normalization score of 0.107

* Future Scopes:
= Full Scale LCA including Cor
= Comparative Study of diff,
= Comparative stug

dhase, transportation phase and Use phase
{on pathways
{1

= Use of produced bio-oil as energy source to substitute poyver plant energy




So, that the conclusion was we found that bio oil HTL was the environmentally friendly
process followed by the biodiesel, follow and then for bio oil Pyrolysis, and ultimately
last one was the fossil fuel. So, it is that we can. So, this particular exercise | showed you
standalone LCA 1 also showed you a comparative LCA between the two process, then a
comparative LCA between the four different products. So, you can again this material
are available to you and you can go through these slides in more detail it has a step by
step information is provided, the paper is already available to you which | showed
regarding the paper dryer and the hand towel. So, this is kind of these different examples
today this particular video and the previous model that we covered and. So, that gives

you a good idea about how the LCA is really applied in field scale or in the lab scale.

So, | hope that this will help you and your masters project in your PhD research or any
other project that you are involved with in your LCA exercise. So, this kind of comes to
an towards the end of the like a lecture part and the then the next module we will try to
cover some of the solved example, and in your exam which is some many of you have

registered for the exam.

So, for your exam there will be some problems and we did covered some solved
examples in the during the lecture module, but the (Refer Time: 32:08) is they will come
up in next two videos and they will walk you through some of the example problems, so
that you can prepare that will help you prepare for the exam and kind of gives you some
idea about how to approach some of the problems which we did talk about in the theory
with some examples in between, but kind of a recap of the problem side will be done in
(Refer Time: 32:30).

Again thank you very much for taking this course, and this is the last time you are seeing
me for this particular course, and again any question feel free to put it on the discussion
forums we will be happy to answer, we are keeping an eye on the discussion forum as we
are making progress in the course. We look forward to hearing from you any feedback
that is also appreciated, and then again all the best those of you have registered for the

exam and thank you and I will see you again in future at some other forum.

Thanks.



