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Life Cycle Assessment (Theory and Practice)

Hello friends. You may recall that last time we discussed about introductory parts or
fundamentals of life cycle assessment. So in continuity of that today we will discuss a little bit
more theory but practice also. How to implement the LCA theory to make some decisions or to
come up with some scenario based analysis and to know better perspective about different

situations.
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So the contents of today's lecture is basically like this 1SO international organization for
standardization standards for LCA that is which standards of ISO are related to LCA. So simple
ISO plus ISO 14040 series and its little bit brief description we will have and the types of LCA
as per 1SO, means 1SO, how LCA has been defined or different kind of LCA procedures have

been described or classified.

After that we will see a case study which will give you better picture or better perspective about
how this LCA is implemented to learn about certain situations. So that will be focused on, the

case study will be focused on environmental benefits of electric vehicles in Milan and Turin,



these two cities of Italy. And study area, then goal of study, data, results, conclusions, all these

things will be part of that case study.
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ISO (International Organization for Standardization)

+ ISOis an independent, non-governmental
international organization with a membership of
165 national standards bodies

* Develops voluntary, consensus-based, market
relevant International Standards that support
innovation and provide solutions to global challenges

¢+ In 1947, IS0 officially came into existence

So let us begin with this ISO related information regarding LCA life cycle assessment and ISO

as you know this is one organization which is non-governmental but several countries really are
member of that one. This is not purely government, but several governments become members
and become part of that. So that its autonomy and independence is protected and also countries
have some sort of obligation to follow up those standards or those guidelines which ISO develop

from time to time.

So it gives basically some voluntary or consensus based and also the market relevant, because
technology changes, market scenario changes, trading and all these things change from time to
time. So as per the new realities they develop certain guidelines and consensus based standards,
which can support for innovation and that can also provide some sort of solutions for the
particular global changes, which are part of the new developments. And it was established in

1947 and after that it is giving standards related guidelines as well as policy frameworks.
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1SO 14040 Series

+ The IS0 14040 series standards consist Life Cycle
Assessment procedure,

* It addresses quantitative assessment methods for the
assessment of the environmental aspects of a product
or service in its entire life cycle stages.

* 150 14040 is an overarching standard encompassing all
four phases of LCA

* There are various standards supplementing 15O 14040,

So they have developed several standards basically 1ISO have given standards for every kind of
activity from business to education to any other aspect of our socioeconomic activities. So 1SO
14040 series that is basically related to standards which consists of life cycle assessment
procedure, and it addresses the quantitative assessment methods, which are used for the
assessment of environmental aspects of a particular product or a service during its entire life

cycle.

Different stages of that entire life cycle of a product or service, so what is the methodology
which is to be used for LCA. So this particular series gives us the step by step information and
then this ISO 14040 is a kind of umbrella or overachieving standard encompassing four
important phases of the LCA and there are various other standards which supplement to this
main standard of I1SO related to LCA.
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ISO 14040 series standards: Description 1/2

+ 14040 General principles, framework and
requirements for the LCA of products and
services

+ 14041 Guidance on determining the goal and scope
of a LCA study and for conducting a life cycle
inventory

+ 14042 Guidance on conducting the LCIA phase of
LCA

¢ 14043 Guidance on the interpretation of results
from a LCA study

Within this series 1ISO 14040 series, so there are several standards for example 14040 which is

general principal framework, it describes and the requirements of LCA or any product or service
so general picture it gives, then special things come and like we go for 14041, so it gives
guidance on how to determine goal, how to do scoping of the LCA study and how to conduct the

life cycle inventory data related analysis and those.

Then 14042 that gives guidance on conducting the LCA phase of LCIA that is the life cycle
inventory analysis, so before that the data collection, what is the inventory, and how this analysis
is done that is 14042 that gives the description about that, guidance about that. Next is 14043 that
gives guidance about interpretation of the results which have come from the LCIA study or those

inventory related LCA study and the overall LCA study.
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1SO 14040 series standards: Description 2/2

¢ 14047 Provides illustrative examples on how
to carry out LCIA

¢ 14048 Information on formatting of data to
support LCA

+ 14049 Examples that illustrate how to apply
the guidance in 1S0 14041

The next one is 14047, which provides kind of example, so that clarity develops in our mind. So
they give the illustrative examples on how to carry out basically this life cycle inventory
analysis, please focus on, this is the part of entire LCA. LCIA is part of LCA, LCIA is basically
life cycle inventory analysis.

So you develop inventory like last time we discussed how inventories developed for different
things and data are tabulated and then analysis is done. So next is 14048 and that gives the
information about what kind of format we should use for data to support this life cycle
assessment. A particular format, a particular matrix gives a kind of easy way to see through the
things. Otherwise if you are making a data tabulated in a random form it will not give the real

picture or the required picture.

The next is 14049, which gives the examples for further illustration about how to apply the
guidance of 1SO 14041. So | mean to say these standards prescribed ISO, they give complete
picture in different kind of steps. So each standard is there for a particular activity and all, means
one series have different kind of standards and the total series gives the complete picture of that

particular exercise like 14040 series is giving about the LCA or life cycle assessment.
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Types of LCA

+ There are three different types of LCA

+ Conceptual LCA
+ Simplified LCA
* Detailed LCA

* Used in different ways and each have its strengths and
weaknesses

* Application of each one depends on the context

Now if we come to the classification of LCA, what kind of types or categories or different types
of LCA are popular and in different contexts what kind of LCA methodology would be good. So
if we determine or classify in broader manner then there are basically three types, like conceptual
LCA. We will see what is the difference and then the simplified LCA and detailed LCA.

Like environment impact assessment you may recall, we had like the rapid EIA for one season
and then the detailed EIA which is having two, three seasons, entire year and so on. So that way
this is also based on different kind of scope basically and it is used in different ways and the
strengths and weaknesses are there. Of course certain limitations are there, certain strong points

are there for each methodology.

But | mean to say if where conceptual LCA can fulfill our requirement then there is no need to
go for detailed LCA, because every kind of exercise needs resources. It needs time, it needs
efforts so we should do optimization kind of thing. We should not go for detailed LCA where a
simple exercise of LCA can give us the information which is required for the decision making or

taking things into a particular direction.

Then application of each one depends on context, that means as | said within a particular context
A, one particular methodology of LCA will fulfill the requirement and in other context other
maybe there where detailed LCA is required, conceptual LCA or simplified LCA may not fulfill



our requirements. So then we have to go for detailed LCA, right? So those are the difference

basically.
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Conceptual LCA

¢+ Simplest form of LCA

* Basic level assessment of environmental aspects, based upon a
limited and usually qualitative inventory

¢ The results usually indicate which components or materials
have the largest environmental impacts and why

* Only help decision makers identify which products have a
competitive advantage in terms of reduced environmental

impacts

+ Also referred as ‘Life cycle thinking” (UNEP-DTIE, 2003)

We see what is the conceptual LCA? So this is basically the simplest form and it is more on

qualitative basis, you do not go for detailed data collection, inventorization and then analysis. It
is based on more on expert opinion and your knowledge based, your experience, so that you can
give judgment based on your knowledge and wisdom.

So this is the basic level of assessment of different environmental aspects and some limited
information is there and qualitative inventory, not data based, not detailed mathematical kind of
information is required. Only qualitative information can give you an idea that what kind of

decision would be better in that particular context.

And the results usually indicate which components of which material have the largest
environmental impacts. Again in quantitative manner, largest, medium, small, means you do not
have values, you do not have mathematical values but you have idea that if this kind of activity

we do, we will have larger impact in comparison to activity B.

And it helps in decision making for identifying different products or in competitive advantages,
like for a particular purpose, particular service there are two or three products, then simple

conceptual LCA can give you an idea that okay this product is better. So let us go for that, rather



than going for the product B or product C, and it is also referred as life cycle thinking, that is

why it is known as conceptual form of LCA.

Because you just think and you just get an idea and you just implement your decision that okay
let us go for that particular product. You do not need to have a very detailed analysis. This is
sometimes in risk assessment we call it back of the annual calculation. So you just list down
something and you get an idea, you have that feeling intuition also plays role, because of your

experience is there and your expertise is there.
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Simplified LCA

¢ Simplified LCA applies the LCA method for a screening
assessment covering the whole life cycle

* Uses generic data and standard modules for energy
production

+ Asimplified assessment that focuses on the most important
environmental aspects and/or stages of the life cycle

* Thorough assessment of the reliability of the results is done

Next is the simplified LCA. So this is a little bit more exercised in comparison to the conceptual
LCA. So this demands like screening kind of thing. If you recall in environmental impact
assessment also we did screening means tabular form, and then we tick, tick, tick, those kind of

things and you know what kind of situation is there, what kind of situation is emerging.

So that way you do screening assessment in that particular simplified LCA, and generic data,
means not very specialized, very detailed data is needed for that, only generic data are needed
and which are like standard modules for energy production or for environmental impacts. Those
kind of things are there, and it focus on most important environmental aspects or those stages

which are not very important so that you can ignore them.



So only most important aspects it takes. It does not give much importance to the list or very
minimum impact related issues. So this is the assessment which also have some sort of reliability

on the results so those kind of things in comparison to the conceptual LCA, this part is there.
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Stages of Simplified LCA

m Description

+ Screening Identifying those parts of the system life cycle
or elementary flows that are either important
or have data gaps

+ Simplifying  Using the findings of the screening to focus
further work on the important parts
of the system or the elementary flows

* Reliability Checking that simplifying does
not significantly reduce the reliability of the
overall result

So there are stages of simplified LCA. It is not just a conceptual LCA that you just look at the

things and then you have given the decision. No, in this case first you do the screening so you
identify those parts of the system of the whole life cycle or some flows or elementary flows

where these important aspects are there or where data gaps are there.

So those kind of screening can be done. And then you do some simplifying exercise. So using
those findings based on the screening, right? Then you can shift your focus from one important
aspect to another important aspect relatively. So that you have information. So elementary flows
and important aspects you can give some sort of priority and then reliability related issues. You
can see which data is more reliable or which has more significance or which kind of activity is

less reliable. So in that comparative analysis way, you can go for simplified LCA.
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Detailed LCA Steps of detailed LCA (Consoli,
etal. 1993):
¢ Planning

* Involve the full process of undertaking LCAs * Screening

+ Data collection & data
treatment

+ Evaluation

¢+ |Improvement assessment

* Require extensive and in-depth, data collection

+ Specifically focuses upon the target of the LCA,
which if only data available generically, data must
be collected specifically on the product or service ‘-;
under review.

The next is detailed LCA. So like we do detailed environmental impact assessment, similarly life
cycle assessment also has this detailed LCA kind of exercise and that is done when you have to
do the complete exercise from one end to another end. Nothing is left. So it has several stages.
Like first you have to do planning, then screening you have to do, then you do data collection

exercise and you also kind of spinning of the data and you process the data.

Some outliers are neglected or left out because some information is based on certain issues,
which are not very important. Then you evaluate the things based on those tabulated data and
some models maybe used for analysis of the data and then improvement of the assessment based

on certain feedback from the experts, etc., those are done.

So it involves full process, complete process underlying different steps of the LCA and it also
requires extensive, very extensive in-depth analysis of the data, which are collected and data
collection should also be very extensive and in-depth, and then specifically when it is a target of
the complete LCA, so you also have those data which are collected specific to the product or

service under review.

Means not necessary other data you need to collect but the product related data must be
complete. They should not be left out, which are important data, then void of the data will affect

your decision.
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Types of LCA: Example of EV

N T T

Tail pipe General values of Exact data of all
emissions for  emissions from fuel-  aspects of emission
EVs are zero based vehicle from mining of
compared to manufacturing & material up to
substantial operations are disposal of battery
emissions by compared with or scrape are
fossil fuel-based  generic/secondary calculated and then
vehicles values of emission an assessment is
from EV done for benefits

manufacturing, battery of EVs over regular
and electricity sources  vehicles
are compared

The examples of LCA from the EV perspective of different stages - We can say like conceptual.

So if you think about the tail pipe emissions so intuition is there, like when electric vehicle is
there is no tail pipe emission so you can simply say that okay, yes, the emissions of the electric
vehicle from the tail pipe is zero and from diesel vehicle or other fossil fuel based vehicle there

will be some sort of emissions.

So there is no impact from that perspective only, from tailpipe emission. So conceptual, means
you know that concept. There is nothing, big exercise to be done for that. Then if you go for
simplistic or simplified way of LCA then you have to see like for example the stage of

manufacturing and to the production of EV and production of other diesel.

So those emissions are there of course, whether you produce an EV or produce the fossil fuel
based car or automobile in factory, there will be emissions there. Because energy consumption is
there, material consumption is there, for mining also some material is needed. So, those kind of
emissions can be there and those can be compared with manufacturing of the batteries also which

are needed for electric vehicle and electricity which is needed for that, those kind of things.

When you go for detailed, so that means how to manufacture EV, how to use it and how to

dispose it off from one extreme end of the mining of the raw material to the production of the



EV, to the usage of the EV, when it will serve our purpose and when we will discard it and the

batteries will be disposed off and their environmental impact.

So those cradle to grave kind of analysis, if we do for EV, and if we do for similar gasoline based
vehicle then that is the detailed analysis, and that can give some other picture. Same picture will
not be there, because the context is different. Their scope is different, boundary line is different.

So we have to see all these things in that way.
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Case study: An LCA comparison of last-mile distribution
logistics scenarios in Milan and Turin municipalities

Source: Edoardo Croc), Matteo Donelly, Francesco Colelli, “An LCA comparison of Last-mile
distribution logistics scenarios in Milan and Turin municipalities”, Case Studies on Transport
Policy, Volume 9, Issue 1,2021, Pages 181-190

Now to implement the LCA related methodology. We will discuss about a case study that will

give you a better picture, and this case study is based on last mile distribution logistics scenarios
in two cities of Italy, one is Milan and other one is Turin. So these municipalities have certain
locations where issues are there for transportation related. So those kind of studies we will focus

now.
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GURMANY

Study area -~

SMTZURAND

* Study has been carried out for LTZ (Limited o 0.
Traffic Zone) of Milan and Turin urban
centers.

()

Taly

+ Both cities are situated in Italy, Europe.

¢ Turin is an important business and cultural
center

* Milan is an important historical city, second
highest populated city in Italy after Rome

Image source. martinrandall com

And this study has been carried out for LTZ that is a limited traffic zone of these two cities,

Milan and Turin. So what is this limited traffic zone, because of certain regions, certain
situations if there are more traffic so you have to do certain policy measure so that less number
of vehicles go there. So only limited traffic should be there, because of certain regions maybe

hospitals, maybe most people come to that city center kind of a thing.

You may recall this London city center taxation, which gave kind of habit of people to use more
public transportation rather privately owned vehicle. So that way, means these are the two cities
and within each city there are some zones, limited traffic zones which are the part of this study,
and these two cities also have certain characteristics because like Turin is important from
business and cultural point of view. It is a center for that and Milan is very important historical

city of Italy, and it has second largest population after the Rome of the Italy.
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LTZ (Limited Traffic Zone) ol R i,
{ SRR

+ Declaring LTZ is a regulatory intervention 1 ‘ { | 4 ~
to improve air quality, lowering noise and o IS Y

make area pedestrian friendly. o \< wL

*+ Generally, it is applied in zones with high
foot-fall urban centers.

* Vehicular traffic movement is allowed in Image: Milan
limited off-peak hours or few vehicle city boundary
category exempted. with LTZ as

green border

Image source: urbanaccessregulations ey

So limited traffic zone as | said, to declare it by regulatory agencies, some interventions are there

and target is basically to improve air quality and to lower the noise and to make the area
pedestrian friendly. So those are the basic goals or aims and objectives. So to achieve those some

zones are classified for limited traffic zone.

So these are the images for Milan city boundary with LTZ. You can see this boundary and green
areas, so which is defined as the LTZ and vehicular traffic movement is allowed in limited off-
peak hours, not in peak hours and limited off-peak hours, and few vehicle categories are
exempted. So that means there are categories which are not exempted, certain categories are

exempted and that is why it is known as limited traffic zone.

Complete free flow is not there for every kind of traffic, there are certain rule and regulations

which need to be followed.
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Selection of study area

Urban center of both the cities are taken for study

* Adopted in order to reduce traffic, emissions of pollutants and
noise caused by vehicles in the center of urban areas through
various regulatory measures such as declaring it LTZs.

* LTZs (Limited Traffic Zones) are an important area of analysis
of delivery activities by logistics operators, whose operational
management choices are influenced by the rules in force in
the areas subject to these limitations.

* InMilan, covering an area of 8.2 square km. and that of Turin
2.58 square kilometers.

So how to select that? So there are ways, like where, those hot spots, where you need to reduce
the traffic flow, where you need to reduce the emissions to improve the air quality or where noise
IS more so you have to reduce the noise. So that way you classify those areas which are
important, maybe some hospitals, maybe some schools are there. Maybe old age houses are more

there, institutional areas or even residential areas, nearer to a particular place.

So those kind of areas you can identify, and these are also the pathways for movement. So you
have to restrict them for lowering the noise, improving the air quality and that way minimizing
the traffic flow. And different areas are there like for example 8 square kilometer for Milan and

for Turin it is only around 3 square kilometer, which is defined as LTZ in that perspective.
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Details of Study

+ Assesses the environmental footprint of last-mile
distribution logistics operations through the application of a
life cycle analysis method (LCA).

+ The environmental impacts of the delivery activities carried
out in the Limited Traffic Zones (LTZ) of the cities of Milan
and Turin by a large private logistics operator are quantified.

+ Through a scenario analysis, current delivery practices and
an alternative solution, consisting of replacing the diesel
vehicle fleet with electric vehicles (EV), are evaluated.

So we go for the detailed study. So the environmental footprints of the last mile distribution
logistics operation, means if truck is going, it is coming from another city and at certain location
it has to go, so whether the entire truck will go or it will shift the luggage to another smaller
ones. Those kind of things are there. So the last mile distribution, only that scenario, that zone
has been taken for this detailed analysis for LCA.

And environmental impacts have been taken care in terms of air quality, in terms of the noise and
scenario analysis has been done, like what will happen if we shift or we change or we convert the
fleet which is coming there like small commercial vehicles which are coming there, if rather than

diesel if we convert them in to battery based or electric vehicles. Then what will be the situation?

How much noise will be there in reduction terms? How much improvement of air quality will be
there? How much less traffic flow will be there? Those kind of things we can see. So this is the
idea basically behind this LCA, that how this will differentiate from each other.
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Steps for LCA followed

¢ Functional unit and the boundaries of the analyzed system

+ Compilation of an inventory of the input and output items
relating to the various phases of the product life cycle

+ Assessment of the potential environmental
impacts associated, through specific indicators

* Interpretation of the results regarding the phases of
inventory analysis and the estimation of impacts in relation
to the objectives of the study

And different steps are there like functional units have to be defined, boundary layers are to be
defined, because otherwise city is very large. So only that limited area has to be taken in to
account and then potential environmental impacts associated through specific indicators, so those
indicators also be determined.

Like in air quality also, which kind of pollutants we want to emphasize, whether acid rain related
pollutants or ozone depletion related pollution or ozone production related pollutants or climate
change related pollutants, we have to see those indicators. So these kind of tabulations form also
have to be there.
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Goal of study: Comparison of Scenario

¢+ ZEV: Zero Emission

+ Two scenarios were considered for the LTZ of Milan and Vehicle
Turin
* EV: Electric Vehicles
* ‘Baseline’ and ZEV/EV scenarios are compared.
¢ TZ Limited Traffic
* The “baseline” scenario refers to a typical day of a single Zone
large private operator and involves the exclusive use of
vehicles powered by diesel fuel.

+ ZEV scenario assumes diesel powered vehicle replaced by
EVs

Then we have to define the goal of the study. So two scenarios as | said of the LTZ in Milan and
Turin, like baseline data, which is as per going on scenario or what we generally say that status
quo kind of thing or business as usual vow related scenario. Second scenario iS zero emission
vehicle or basically electric vehicle. From tailpipe it is zero emission, that is why they are

sometimes known as zero emission vehicle also.

So baseline scenario, based on, in those cities, some single private operator is there which is
taking care of these logistic related issues, for goods and luggage transfer and those. So that
scenario has been taken and this is like, diesel powered vehicles are basically replaced by EVs.
So we have to see the difference, means if we minus these diesel related vehicles and introduce

the EVs then what will be the scenario change or what will be the impact.
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Impact category considered for LCA

impact___Junit___Joeseiptn ________________|

Climate change  Kg. CO2eq. Integrated heating effect in the next 100 years due to
the emission of greenhouse gases into the atmosphere
(CO2, CH4, N20, etc,)

PM/smog Kg.PM2.5  Emissions of particulate matter (PM) and its

eq precursors (NOx, SOx, NH3)
Photochemical  Kg. NMVOC  Production of volatile organic substances which, by
Ozone eq. the action of light, can promote an oxidation reaction
formation that leads to the production of ozone in the

troposphere
Acidification Molc. H+ Lowering of the pH of soils, lakes, forests, due to the
eq release into the atmosphere of acid substances, such
as nitrogen oxides (NOx) and sulfur oxides (SOx), with
harmful consequences on living organisms (e.g,, “acid
rain”)

Now you can see here these are the impact related indicators for LCA like climate change related

things. So climate change related things are basically greenhouse gas emissions. So we will
convert them into CO2 equivalent. How much kilogram CO2 equivalent emissions are there?
Those emissions may be of CO2 itself, which is greenhouse gas. It may be methane, it maybe

nitrous oxide also.

So, all these are greenhouse gases. So we have to convert them into kilograms CO2 equivalent.
So that we can combine and it is easy to compare, right? Then particulate matter or smog
creation, so for this we have taken the indicator as PM2.5, which contributes into this air quality
deterioration in terms of particulate matter, aerosols and also smog formation, and this can be

produced by secondary aerosols.

So we have to see the indicators like emissions of NOx, emissions of sulfur dioxide, emissions or
ammonia because ammonium sulfate may be there or ammonium nitrate can be there, calcium
sulfate, calcium nitrate all these aerosol formation, secondary aerosol formation may be there. So

their emissions also we, to be taken into account.

Then if we talk about ozone production in troposphere, so photo chemical ozone production, then
we have to see its precursors, precursors are like carbon monoxide or like NO2, NOx emissions

and NMVOC that is non-methane volatile organic compounds. So all different kind of emissions



of precursors we have to convert them into one unit that is kilogram NMVOC equivalent because

they participate into production of ozone.

If you try to see the acidification potential then we have to convert the emissions of like SO2 or
SOx or NOx and like hydrogen ion equivalent, means moles, how many moles are there so that
kind of calculations are to be done. So that we have a better picture, quantitative picture, because
engineer, scientists love to discuss in terms of quantitative manner, because then your values are

more objective, there is no role of the subjectivity in that case.

(Refer Slide Time: 27:06)

I 0000000
Data collection in city of Milan & Turin

Following data has been collected: The period of observation from
03/07/2017 to 30/09/2017 for
* Types of delivery methods used (list with the city of Milan and from
indication of the emission class and maximum 21/04/2017 to 31/08/2017 for
load capacity) the city of Turin

+ Number of vehicles used for each type

* kg of packages delivered to customers by each
single vehicle in a day

+ kmtraveled by each vehicle in a day

The period of the observation for this study was like for Milan it was from July of 2017 to
September of 2017, and in case of Turin it was April 2017 to August of 2017. This was the
period for data collection and observations of the study and the data which were collected, you
can see these were the emission class, and maximum load capacity of those trucks or commercial
vehicles then number of vehicles are there and each type of vehicles so type category kind of

vehicle we have to see.

Then kilograms of packages which are delivered by those vehicles from one place to another. So
those goods, packages or those kind of things in a single vehicle in a day, how many times, how
much packages are to be there, then kilometer traveled by each vehicle in a day, because that will

influence the emission part. So those quantities are to be collected and they are tabulated.
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So vehicle classification, distance traveled by each vehicle, class of the vehicle in terms of
pollution efficiency, like Euro IV, Euro V, those kind of things can be there, total goods carried

by each vehicle. So all these information will be tabulated and analyzed.

(Refer Slide Time: 28:28)

A
Ecoinvent input data on load/carrying capacity

* Ecoinvent: World's leading LCI (Life
Cycle Inventory) database for products

3575 0. 4.98

with transparency & consistency
7.5-16 3.29 9.29
* Avg. Load: Avg. weight carrying of any 53 15.96 29.996

vehicle

* GVW: Gross vehicle weight

* Load factor: Ratio of the average load
to total vehicle freight capacity

Similarly this data is there, like this economic inventory if you remember that input, output data
related thing. So that kind of capacity related data analysis was also there. So average load or
gross vehicle weight all these things are tabulated basically to see the impact.
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Input data on diesel vehicles tested in Milan and Turin

Vehicle Gross Vehicle ch/ Max Averageload  Utilization  Fuel consumption
Rating (GVWR) s capacity  factor rate (kg/tkm)

Lorry 35-7.5 mem(ly 498t 098t 2% 0,1093

Van Type 1 125t 0,625t 0% 0,2222

Van Type 2 1t 05t 50% 025

And you can see now this another data set in terms of table. So vehicle gross weight, ratings,
lorry, how much tons, type 1, type 2 vans and the capacity, average load, all those, fuel
consumption. These all values are there, which will really help us to make calculations for

emissions, et cetera.
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Input data on diesel vehicles tested in Milan and Turin

Vehicle Max capacity Max battery capacity (kwh) Max distance (km)
Light 730kg 2] 170

Heavy 2000 kg 28(1-3 batteries) 2803 batteries

And input data for electric vehicles are very simple like whether it is light commercial vehicle or

heavy commercial vehicle and then their capacity like 730 kilogram or 2,000 kilogram, and the



maximum battery capacity in terms of kilowatt hours. So 24 or 28 1 to 3 batteries, maximum
distance traveled by those vehicles 170 kilometer, 280 kilometer, these three battery operated

vehicles. So those classifications have to be there.

(Refer Slide Time: 29:39)
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Input data on diesel vehicles tested in Milan and Turin

parcels total parcels total Baseline lm acts
Climate change (kg CO2eq) 1 457 bl 190 7% p .
Particulate muatter (kg PML5eq) 0,013 018 0015 020 13% categorles
Fhotochemical ozone formation 0,135 155 0o 098
(kg NMYOC eq)
Acidification {mole H + eq) 0,144 197 o 16 15%

Tun
Climate change H M5 17 14 17
Pasticulate matter 0,01 0l 1149 0l

Photachemibcal orone fommation 0,157 09 (3] 05 8%

Acidification 017 I 01 07

And then climate change related emissions, how much per ton of the parcels in Milan. For Turin
similarly this table is there, so for each city all these potential indicators of climate change or
acidification or ozone, particulate matter, all these things have been taken into account and seen
like how much reduction is there, because of electric vehicle introduction and whether there

some significant reduction or not.
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Results: Comparative effects on impact categories

Share
]
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If we see comparative effects on different categories of the impacts then there are some
interesting insights which are from this particular case study. So if we compare the baseline
related impacts for example acidification or climate change or particulate matter emissions or
then photo chemical ozone production then you see this in baseline there is a lot of climate

change related issues when delivery operations are considered.

But in case of this electric vehicle kind of scenario, then in climate change basically the
reduction is there of course, in totality reduction is there but the more role is from electricity
production. That means the emissions from coal based power plants where electricity is being

produced for charging the batteries of the electric vehicles.

So similarly acidification, so acidification you can see, in acidification here the contribution is
more on from delivery operations or fuel production, but here the contribution is from electricity
production again, right? So if we compare other fuel production, so fuel production is basically
in baseline. This is contributing in terms of acidification, but in terms of acidification it is not

contributing much in case of category of electric vehicles related scenario.
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Results: Comparative effects of energy sources on emission

Aadification Chmate change
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Then when we see the comparative effects of energy source on emissions, so see, like this
acidification related, hydrogen ion equivalent. So the diesel fleet, it gives around this much of
emission, but if we go for zero emission vehicles or electric vehicles of different capacities, and

then where this electricity is coming from, that also plays role.

So if it is 25 % solar battery charging, electricity coming then it is more reduction, those
emissions of acidification related emissions and 50 % solar then it is further reduction. So you
can see as we go the electricity from more renewable sources, then the impact becomes less and
less. But here very interesting you can see, particulate matter PM 2.5 so diesel vehicle is,
emission is there, but this current mix where coal based power plants are there for electricity

production, so in that case this emission is more.

That is very counter intuitive, because emission is there but if we are using coal based power
plants to produce the electricity. When 25 % solar is there, then further emission reduces, and up
to 50 % is there then it also kind of equivalent to the diesel, but if 100 % solar or renewable
energy resources are there to produce electricity and to charge the battery, only then benefit is
there, but there is some kind of key indicator or some kind of issue which need to be taken care
of, because these are the total emissions, but if see like diesel vehicles are emitting whole

emissions in the city only.



But these battery operated vehicles not emitting any kind of tailpipe emissions. Their emissions
are far away, where this power plant is located. So when emissions will come from the chimneys
or stags, the dilution will be there and the impact will not be same. So this is not only the
emission kind of game but the air quality impact, which we have to see. So this kind of analysis
sometimes can be a little bit deceptive or not the objective assessment kind of a thing, but overall

reduction is there in each kind of potential indicators of environmental impacts.

(Refer Slide Time: 34:15)
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Difference in Results for Milan & Turin

Ideally results should be same for both the cities.

Differs due to the following reasons:

+ Composition of the fleet in Turin is exclusively of EURO 5
vehicles, while in Milan combination of EURO 4 and EURO 5
vehicles

+ Diversity of the routes that the vehicles make in the two LTZ to
complete the same load of deliveries.

+ Different composition of electric vehicles that for the Turin area
also include the use of heavy ZEV vehicles, which has lower
specific consumption per kg of goods transported

Then different results are there, so you can see different kind of fleets like Euro V and Euro IV,

those kind of fleets are there, therefore in both cities impacts are not similar, they have some

differences.
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Conclusion of study 1/2

* The adoption of the ZEV fleet cuts GHG by 37% in Milan and by
50% in Turin. — -

+ Adoption of the ZEV fleet combined with the current electricity
mix results in an increase in the particulate matter emissions of
13% in Milan and 4% in Turin. ———

e —— [—

+ Adoption of the ZEV fleet cuts NMVOC emissions by
almost 50% in both cities.

When we conclude about these studies, so you can see that adoption of this ZEV fleet reduces
the GHG or greenhouse gas emissions by 37 % in Milan and 50 % in Turin city. But as we have
earlier discussed that if we compare regarding particulate emissions then there is a slight
increase, like 13 % in Milan and 4 % in Turin and that is because of those power plants which are

based on coal based electricity generation.

Well there is another kind of reduction like non-methane VOCs emissions are reduced around 50
percent in both the cities. So that is a good sign, means greenhouse gas emissions and these
NMVOC or non-methane VOCs, volatile organic compounds, they are reduced significantly.
Particulate matters are slightly increased and if we go for like production of electricity with the
help of renewable resources then this increase, slight increase like 14 %, 4 %that can also be

properly addressed.
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Conclusions for study 2/2

* Qur analysis confirms that the adoption of the “ZEV” fleet
should be combined with other policies favoring the transition
to a decarbonized power system in order to fully capture the
environmental benefits which can be associated to the
electric fleet

* Sourcing 50% of the electricity used by the ZEV from
dedicated photovoltaic columns would make both scenarios’
emissions comparable, while sourcing 100% of it from solar
power would result in a reduction in the particulate emissions
of =7%. (However, it needs to be looked with local vs regional
emission perspectives and that way impacts will be different),

This is where we can see the comparison similarly as | said earlier also that only when we go for
100 % fleet based on solar powered, battery recharging capacities only then there is reduction in

particulate matter, otherwise there is no significant reduction in particulate metal in total.

But as | said we have to see it in perspective of regional or local emissions if you are combining
regional emissions then this is okay, but if you are focusing on local emissions then this is not
the right thing. In local emissions we are not having tailpipe emissions. So benefits to the local

people is enormous in that way.
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A
Conclusions

* LCA should be done according to 1SO standards.

+ Various LCAs are done as per requirement of study and
its objective.

+ LCA can be used efficiently for scenario comparison
which can be applied in various cases.

So in conclusion we can say that LCA should be as per the prescribed guidelines by 1SO, 1SO
standards, and there are various methodologies like conceptual, simplified or detailed and that
depends on the context and the objective of the study, which methodology we should go for and
then different scenarios maybe there, and that can give us a real picture whether the reduction is

occurring or not in pollutants or in the impacts, negative impacts, okay?

So we have to do the real life exercise, good data collection analysis. Only then better picture
emerges and as | also said that sometimes data analysis also gives partial picture, as this regional
and local kind of things if we ignore then something, half kind of conclusion we arrive at. So

those things we should be careful about, right?

So this is all for today's lecture like part theory, part practice. | hope it is more clear for you, that
how LCA is implemented as a case study. We will see another case study to give you more better
perspective about the implementation of LCA in real life scenario. So this is all for today.
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These are the references which you can go through for more information so that is all and | thank

you again for your kind attention. See you next time with more case study, thanks.



