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Welcome to the course Environmental Impact Assessments. And in today's session, we are going to cover
Resource Efficiency. We are going to look at what methods we adopt within the umbrella of EIA. So, the key
reference for us for this is like from our text course book, which we are following in chapter 17, which deals

with resource efficiency.
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Coverage

(1) Definitions and Concepts of Resource efficiency

* Life cycle assessment, Energy and mass balance, Closed loop systems, Waste
hierarchy, self-sufficiency and resilience

(2) Scoping and baseline studies
(3) Impad pfedittibn arndrevaluationr
(s) Mitigation

(5) Resource efficiency indicators

So, our coverage for today would include that we are going to looking at the definitions and concepts of
resource efficiencies where we will look at some of the models, which are their, lifecycle assessment, then the
energy and mass balance concept we will try to understand and then we will also try to understand what are
closed-loop systems and then what is a waste hierarchy, self-sufficiency, and resilience concept.

Further, we will look into what we look into. While we undertake scoping and baseline studies about resource
efficiency. Further, we will look into how we undertake impact prediction and evaluation while dealing with
this domain. Further, we will look into the mitigation measures that are available in this domain in a very brief

manner, and then we will look at some of the resource efficiency indicators.
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Learning Outcomes

(1) Define the Concepts of Resource efficiency

*  Life cycle assessment, Energy and mass balance, Closed loop systems, Waste
hierarchy, self-sufficiency and resilience

(2) Identify the purpose of Scoping and baseline studies
® Idenfify ways, épproach of Impact prediction and evaluation

(s) Conceptually explain : Mitigation

©) Idenfiﬁ and list resource éfﬁciency indicators

So, accordingly, the learning outcomes expected learning outcomes are that after completion of this particular
session, you should be able to define all the concepts related to resource efficiency, further, you should be able
to identify various purposes and steps involved in scoping and baseline studies. And you should be able to
identify ways approach to deal with impact prediction and evaluation. And then, how you would deal with
mitigation you would conceptually explain that and then also tell the steps and roles in that or certain methods
involved in that. Further, you should be able to identify and list some of the resource efficiency indicators.
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Definitions and Concepts

So, understanding resource efficiency, deals with how carefully resources are used, what kind of waste is
generated in the process, and how you manage that. And you look at it at all the stages of the project from
project construction to operation till the project is decommissioned, or pulled down. So, usually, if you will see
this resource efficiency, it is not taken separately, a separate section in EIA, but it is very well integrated into
the EIA process. But at the international level, this practice is now changing with IFC performance standard 3,

suggesting resource efficiency and pollution prevention and its standards guidelines.
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Resource efficiency

* Measure of the inputs required in the proposed development at
every phase

* Measure of waste generated in the proposed development at
every phase
Example - energy, water

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg- 503)

So, looking into the definitions and concepts involved, or we see resource efficiency, what does that mean? So
it looks into the measures of input and measures of output and measures of waste. So, measures of input, like
what resources, it is consuming for various stages and the stages of construction in the stages of operation and

decommissioning. So, how much resource it is consuming?

Then you also look into you measure what how much waste is generated in the proposed development. And this
again, you look at every stage, how much waste you are generating at the time of construction, what waste you

are generating at the time of operation, and when the project is pulled down.

So, you look into resources if we talk about, you look into how much energy it is consuming, how much water it
is consuming, and any raw material, what it is using, how much consumption is there. So, you measure that
input and you also measure the waste which is generated out of your project. So, another concept and key way
of looking into it is lifecycle assessment. What is lifecycle assessment means that you look into how is the life
of the product in terms of how it is consuming energy and how it is releasing, what kind of waste are releasing.
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Life cycle assessment

‘Upstream’ impacts

+ Where and how the original materials are produced, processed and manufactured
+How they are packaged and transported

*How they are used

‘Downstream’ impacts
+ How resulting wastes are managed

(Methods f Envcrmenal nd Soil mpactAsessmen, Therel and W, 2018, pg- 504
And then within this, you also see the concept of upstream impact and downstream impact. So, the upstream
impact would mean where and how the material is produced, how it is processed and manufactured, how it is
processed and how it is manufactured, how it is packaged and how it is transported, and how it is used, so, that

is the upstream impact of the project what we say.

Then there is the downstream impact which deals with mostly the residual waste that is generated and how the
resulting waste is managed, how do you recycle it, reuse it ultimately take it to the landfill site, or generate
energy with that? So, how the waste out of your project is dealt with that deals with the downstream impact? So,

we have seen upstream impact and downstream impact related to the lifecycle assessment.
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Typical product life cycle
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(Adapted from, Therivel and Wood, 2018)
So, here in the diagram, you can see the upstream and downstream and you can look at the product life cycle

here looking at the product life cycle, you see the material which is which comes and then how it is processed,



manufactured and it is packaged, transport and then it is put to use and then eventually it is disposed and then all
the process till it is dispose, it is said to be upstream if you want to see diagrammatically and then after it is

disposed of, how do we reuse recycle and make it as a material again is seen as a downstream.

So, the purpose here when we deal with resource efficiency is to minimize the use of input and also minimize
how much waste is generated. So, when we look at life cycle assessments, we measure the environmental
impact of the product or the services. So, that is what we do. Lifecycle assessment particularly in the context of

EIA considers the amount of resources that are used at the different stages of a product or a project.

So, for example, what do you choose to use the typology itself, and to what quantity do you want to use? So, if
you use steel compared to alternative building materials, such as bricks or concrete, you will see that steel has
larger and voided energy than the alternative material. So, that waste is less resource-efficient compared to the

alternative materials here. So, that is what the assessment has done when we look at the lifecycle assessment.
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Life Cycle Assessment Handbook

Table 2.1 IS0 documents on life cycle assessment (LCA).

Number Type Title Year
14040 International standard | Principles and framework 1996, 2006
Life Cycle Assessment 14041 International standard | Goal and scope definitionand | 1998'
Handbook 2 <
inventory analysis
ACmdch_ulnvmmh\h
TR 14042 | International standard | Life cycle impact assessment | 200"
14043 International standard | Life cycle interpretations 2000'
e i 14044 International standard | Requirements and guidelines | 2006*
14047 Technical report Examples of application of ISO | 2003
14042
Y 14048 Technical report Data documentation format | 2001
R 14049 Technical report Examples of application of ISO | 2000
SWILEY 14041

" Updated in 2006 and merged into 14044.
? Replaces 14041, 14042, and 14043,

(Life Cycle Assessment Handbook: A Guide for Environmentally Sustainable Products, Curran et al, 2012)

So, you are again, there is a handbook which you can see lifecycle assessment handbook, by Curran. You can
see here, so, | have, you can look at this particular handbook, it sure should be available. And there are a lot of
standards and guidelines which are available to undertake the lifecycle assessments. So, international standards
are available technical reports are available, I have just left the list for you. It is said that lifecycle assessment is

technically a very complex subject and like, you can see this handbook available for further guidance on that.
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will be interpretation.
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General Methodological Framework for Life Cycle Assessment (LCA)
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(Life Cycle Assessment Handbook: A Guide for
Environmentally Sustainable Products, Curran et al, 2012)

The general methodological framework for LCA (ISO 14040 [1]).

Looking at the general methodology, which is adopted for this purpose, the kind of framework which is adopted
for this, you can look at this diagram, you can see a taken from Curran’s book or you can see the lifecycle
assessment framework. So, you first look at the goal and scope and the definition of it. And then you have

intensive inventory analysis and then you assess the impact and then inventory analysis at all these stages there

And then you will be looking at the direct applications like product, development, improvement, and how you
improve the product. How do you strategically undertake planning and then how do you connect with public
policy? How do you the marketing and then the other aspects, of all the policy aspects if you remember all the
tools we had talked about? So, that is how the lifecycle assessment framework is taken care of in a very broad

General Life Cycle Flow diagram
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(Life Cycle Assessment Handbook: A Guide for Environmentally Sustainable Products, Curran et al, 2012)



Here in this example, you can see the general lifecycle flow diagram. Here you can see, how the raw material is
acquired, and even when the raw material is acquired, there is a certain consumption of energy and then at that
stage itself, the waste is produced. Then, the material when is manufactured after acquiring the raw material,
again the energy is consumed in the manufacturing process and then the waste is generated.

Likewise, you see the product manufacture when all the raw materials come together and the product is
manufactured, you have energy consumption and the waste is there, and then when the product is used or
consumed like energy is again consumed at that stage, and then you might also find waste and then when the
material is no more usable, then you finally dispose that, and that at that disposition also you can you consume

energy and then even that produces waste and that waste can be reused or recycled.

So, that is how you see the general lifecycle flow diagram. So, think of it in a very simplistic manner, you can
think of the television, television manufacturing, how the raw materials come for that, what basic raw materials
are there, how the final television is prepared, and then how it goes for the consumption purpose and when you
dispose of your television how that how do you dispose it and how it is recycled or so on. So, you can think of a
computer as well, or any material with which you deal. So, that would allow you to think of the general life

cycles, of the product.
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of buildings

Cradle to gate
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(Methos of Envicrmenia and S InpactAssessmet, Thervel and Wood, 2018 pg 89
Again, here in the diagram, you can see the assessment of the resource performance of buildings. This is again
adopted from the it is British standard. And here you can see how they are looking at the building lifecycle, and
looking at the resources, how the resource is being consumed at all the stages. So, you can see the product stage,
raw material supply, transport, manufacturing, and then the construction stage, transport construction, and

installation process.



Also, it is the use stage, how you are using, use, maintenance, repair, replacement, and end of the life stage
where you have deconstruction, demolish, and transport, waste processing, and then post-project where you are
recycling, recovering, or reusing all the materials. So, that is what you can see here, so, that was about the
lifecycle assessment. Now come familiarizing ourselves with the other concepts, that is energy and mass

balance. So, this is an important component, when we deal with resource efficiency.
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Energy and mass balance

+ Sum of mass going into a system must equal the sum of mass going out or
being stored in the system

+ Sum of energy going into a system must equal the sum of energy going out
of it plus any changes in the composition of that system

(Methos of Envicrmenia and Sl Inpact Assessmet, Thervel and Woad, 2018 pg 82
And when we talk about energy and mass balance, it means the sum of mass going into a system like the total
energy getting into the system must be equal to what is coming out of the system. So, there should be a mass
balance. And that sum of energy that goes into the system must equal the energy that is going out, plus the

changes in the composition of that system.

So, it might be either input and output are equal or there might be input and some changes in the system and the
output. So, that equates to energy balance. And, in the process of assessment, we ensure that all these inputs and
outputs are accounted for. So, you take care of all these aspects when you deal with it.
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So, here in the image, you can see from the example how all the resources have been taken care of at various

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 884)

stages how the input-output has been accounted for, and what kind of input is going how, and none of the
arrows are left hanging in the system.
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Materials balance for a waste-to-energy plant

ap metal | 24.2 kg/Mg

-
1 Mg waste 1900 KWh/Mg

(based on MVR 2016a) (Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 885)
So, another example you can see here, is how the balance is checked, how the what kind of resources have been

put into the system, and what kind of outputs they are getting from the system. So, you can see these examples.
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Waste hierarchy, self-sufficiency and resilience

Waste hierarchy

*Reduction of the amount of waste produced
Reuse of materials

Recycling of materials into new products
Recovery of energy from waste

Landfill of any remaining waste

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 507)

So, looking at another concept, you see a waste hierarchy, which looks into self-sufficiency and resilience. So,
looking at waste hierarchy, so, waste hierarchy the concept is like how do you handle waste? So, the first idea
of handling waste is to reduce the amount of waste that is produced. So, you try to reduce, reduce, R for
reduction, and then you see how you can reuse the material that whatever waste has been produced, how do you

reuse those materials, and then, you further look into how you can recycle them into a new product.

So, how out of all the waste new products can be created? And then if not, if all of these cannot be done after
that also one can recover the energy from the waste. So, whatever is the waste, finally, you can convert it into
energy. And then after all these things reduce, reuse, recycle, and recover energy once you have done that, the

waste can be sent to the landfill site, as the residual remaining waste. So, that is about the waste hierarchy.

(Refer Slide Time: 16:07)

Self-sufficiency and resilience

+ Allows more outputs (e.g. housing, food, energy) to be achieved from a given
amount of inputs

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 507)



Now, looking at self-sufficiency and resilience, so, what is that? So, when we look at self-sufficiency and
resilience, the system allows more output to be achieved in the given amount of input. So, how you can have
systems efficiency? So, how you can, by whatever input is been getting is been given you are trying to
maximize the output from that particular input. So, you see examples include LED light bulbs, which allow

many more lumens per watt than the traditional incandescent bulb.

So, how efficiently you can use it? So, process improvement. So, all those deal with self-sufficiency and
resilience as well as in the case of settlement also you are seeing that these days high density is being much
more promoted given the understanding that it allows resource efficiency in terms of how much energy is
consumed, how much energy is shared, so, which leads to economical use of those resources. So, that was about

the definitions and concepts.

(Refer Slide Time: 17:26)
I @

Scoping and Baseline studies

Now, moving on, we will look at the scoping and baseline studies. So, the purpose of scoping and baseline
study is you identify which issues relating to resource efficiencies are important for project planning and

important for decision-making. So, you identify the important issues here.
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Possible scoping questions on

* Materials
* Land

* Energy
« Water

+ Waste

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 892)

So, in this stage, you have possible questions, which you look into. So, while dealing with material, you will
look into whether the project will use, what material the project is going to use, is it very limited. And is it a
scarce resource, and at what stage you are going to use it to what quantity you going to use it, and then and

whether you going to use any harmful material, and do you need to handle it in a various special way?

So, you need to look at all those aspects here. And, then you will also look at once you understand the
resources, you will also look at the impact it might have on the environment. So, will that particular usage of the
material would lead to like, how much quantity of material do you need and how it is going to impact the

project? So, that is all you need to see here.

And then further similarly, the material and the resources in terms of land. So, how much land you are going to
use, is it suitable? The land is suitable for the purpose or not? And how much like when you are looking at the
impact, how much footprint you are occupying for the particular project, and what kind of land you have taken
for that purpose. So, likewise, you will look into energy, like what kind type of energy you are producing in the

given context and how you are using it, whether it is renewable energy or not.

And then, whatever energy you are going to use, whether you will be able to get it from the available
infrastructure or you would need additional infrastructure for that. And whatever you consuming is the system,
existing system resilience to take care of that requirement of yours can that take it or not. So, all these aspects
like you would be looking at, water then raising similar questions, like are you building a project in the water-
scarce area or you can take care of that fulfill that requirement and then as the water infrastructure resilience in

your context or not. So, likewise, you look for the waste, and likewise, you will look for all the other aspects.



(Refer Slide Time: 20:37)
I @

Questions on project characteristics

L 1 1
2. Will construction or operation of the Project use natural resources such as land, water, materials or energy,
ially any which are non. or are in short supply?
2.1 [Land, especially undeveloped or
agricultural land?

22 |Water?

23 |Minerals?

24 |Aggregates?

25 |Forests and timber?

26 |Energy including electricity and
fuels?

2.7  |Any other resources?

Link:
https:/lec.europa.eu/environment/eial
(European Union, 2017) pdf/EIA_guidance_Scoping_final.pdf

So, there is another example which we see here. | have taken it from EU guidance on environmental impact
assessments. So, you can see, like | said, rarely it is segregated as a separate section, it is very much inbuilt. So,
I have snipped a checklist from the EU document, which within itself allows you how during the scoping stage,
you can undertake the resource assessment. So, you can see point number 2, will construction or operation of
the phase use natural resources such as land, water, material, or energy, especially any resource which are non-

renewable or in short supply?

So, you see how they are looking at the resource efficiency and also looking at the availability of the resource.
So, the checklist questions like land, especially undeveloped or agricultural land, what is the scenario with
water? And what is the scenario with mineral, aggregates? Whether it is yes or no? And then giving it in a
descriptive format, what is the characteristic of the project environment? Would, could be affected, and how?

And is the effect likely to be significant, why? So, in the checklist method, you are also checking the
significance of the particular observations you are making. So, likewise, you will be looking at the forest and
timber energy including electricity and fuels and any other resources, which you are using for the purpose.
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Questions on project characteristics

issioning?

4. Will the Project produce solid wastes during construction or operation or
4.1 | Spoil, overburden or mine wastes?

42 [Municipal waste (household and/or
commercial wastes)?

4.3 [Hazardous or toxic wastes (including
radioactive wastes)?

44 | Other industrial process wastes?

45 | Surplus product?

46 | Sewage sludge or other sludges from
effiuent treatment?

4.7 | Construction or demolition wastes?

4.8 | Redundant machinery or equipment?

4.9 | Contaminated soils or other material?

4.10 | Agricultural wastes? Link:

https:/fec.europa.eu/environme
ntleia/pdf/EIA_guidance_Scopi

(European Union, 2017) ng_final pdf

Further from the same checklist have taken, how they are dealing with the solid waste during the construction

41

Any other solid wastes?

operation or decommissioning stage. So, you can see the spoil, overburden mines mine waste, and municipal
waste. hazardous or toxic waste, other industrial process surplus productive, sewage sludge, construction or
demolition waste, redundant machinery or equipment, contaminants, soils or other material, agriculture waste

any other solid waste.

So for all these, you look at whether you will be using, yes or no. What will the characteristics of the project
environments, will it be affected or not? And then what will be the significance of it? So, this these kind of
checklists are used at the scoping stage to look at resource efficiency. This example is the inbuilt checklist, the

previous one you saw, was like a specific checklist that can also be integrated with the main EIA report.
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I have taken from resource efficiency best practice checklist, | have also given you the link so that you can
download this checklist. So, here again, you can see how they have prepared a checklist where they look at the
energy or water. And then whether, it is specific details about that, whether it is going to reduce your energy
bills or not, what kind typologies there, and whether you are choosing low carbon heating, and are you going to
generate your power, then how you are going to measure your water use, and what are the installations you are

doing for saving water.

So, all those kinds of checklists are there. So, that was about the scoping and baseline study. So, those things are

available, and I am also giving the link to all those examples there.
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Impact Prediction and Evaluation

Now moving on, we will look at the impact prediction and evaluation. So, part of it, we also saw in the checklist
method, how they were looking at the significance of the impact which might happen. So, now, in this particular
stage, you identify issues significant concerning project environmental impact. So, whether whatever impact
you have identified in the scoping stage, you will try to look at the significance of that impact.

And in this stage, you will make a detailed prediction of what will happen you further put it into the detailed
study and you look at the significance of the kind of change that will happen. And you also look at whether

whatever kind of changes are happening will need mitigation measures or not.
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Materials

* Quantity of materials/resources consumed
* Where the materials/resources will come from
+ Whether there will be significant impacts at any ‘materials donor’

sites, for instance borrow pits for aggregates

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 891)

So, examples of how you would look into it include what will be the quantity of material resources consumed
and you would be looking at the details of its typology. For every project stage, you would be looking at, and
then you would be looking at from where the material is coming from, and whatever resource you are using
from where it is coming, and then you will also look at what kind of impact any material would have on your
project site or the environment. So, that is all you will be looking at as you also saw in the checklist, so that

would help you in the assessment of the significance here.
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Land

* Quantity of undeveloped and previously developed land required
(including any ‘materials donor’ sites)
* Whether land (and greenfield land) is scarce in the area

+ What the alternative land use would be

(Methods f Envonmenal and Social Ipact Asessmen, Thervel and W, 2018,y 891)
@

So, likewise, for a detailed understanding, of the material, you might be looking into various resources, like you

might be looking at the land resources, and you have already studied how to evaluate land resources, but here,

what you are also doing is quantifying and also looking at from the resource efficiency point of view. So, the

detailed pattern you know, a here about, but the how you would use it in this context, that is what you want to



learn here. And then, you have to be careful whether these resources are scarce in that particular area, wherever

your project is coming up.
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Energy

+Quantity of energy used by type for every project stage - including load-profile
data if available

+Quantity, if any, of energy produced by the proposed project, by type

+ Embodied energy of the project

+ Where the energy will come from, and whether there is capacity for this in the

existing infrastructure

(Methos of Enionmental and Socil InactAssessment, Thervel and Wood, 2018, pg 851
And then similarly, you will look at the energy, the quantity of energy used for the proposed project. You have
to also look at not just the quantity but the type of energy, what type of energy you are using? Whether it is
renewable energy format, form or not, and at what stages you are using, you are careful that if it is only for a
shorter duration, it might be acceptable, but if it is in the operational stage, and it is continuous demand, you

might have to look for that.

And there is another term when you deal with all the resources is the load profile. So, looking at what this load
profile means, as the energy needed over time, like how much energy you will need in days, weeks, and years.
So, you also need to identify the load profile. So, what is the load profile of your project at every stage, at the

construction stage, at the operational stage, and the decommissioning stage?

So, you need to quantify and look at it and you may also familiarize yourself with the embodied energy term.
So, here, how much energy is being consumed by that particular product would be embodied energy, and then
for the project, any every stage you have to look at how much embodied energy is coming up for that particular

stage in your project.
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Water

+Quantity of water used by the proposed project, for every project stage and for
fire service testing if appropriate — including load-profile data if available
+ Where the water will come from, whether there is capacity for this in the existing

infrastructure (including cumulatively), and whether the proposed project is in an

area of water scarcity

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 891)

So, likewise, you will be looking at water. The quantity of water used by the form used by your project what
kind of emergency services how the water will be used, and how it will be used in the wastage also, and then
you here again, you will look at the load profile, and you will calculate this as per the data which is available to
you. You will also look at various sources of water from where you are using it and look at what is the capacity
of the existing infrastructure to give you water resources for your particular purpose. And you need to check

whether it is in the resource care area.

(Refer Slide Time: 28:31)
I
Waste

* Quantity of waste generated by the proposed project, by type for every project
stage
+ Where the waste will go, whether there is capacity for this in the existing

infrastructure (including cumulatively)

(Methods f Envcnmenal and Social Ipact Asessmen,Thervel and W, 2018, 891)
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Similarly, you look at the waste, the quantity of waste that will be generated by your project and at what stage it

will be produced, and then where the waste will go whether you have the capacity of the area to absorb those

wastes or in do have the infrastructure to take care of those waste. So, those things have to be seen here. And



you might be, also you might reflect that all the stages might have different levels of impact on the

environment.

So, usually, the construction stage might have an extensive impact and negative impact, and even the
demolition stage might also have a major impact on the way it generates waste. So, you can also look at varying

degrees of impact at various stages.
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Table Materials consumed during construction of Westem Sydney Airport (extract

Materials consumed during from Austalan Government 2016)
construction of Western Acivity  Material Quantity  Quantity (otal) Potcntial sourees
: daily
Sydney Airport =)
Earthworks  Water 136ML 650 ML Existing  surface

water, famm dams and
scdiment basin
Potable water supply
pipes and temporary
storage dams.

Asphalt Aggregates (63%) 82T 450,000 T Gunlake ~ Marulan
Quarry
Holcim  Lynwood
Quarry
Boral  Peppertree
Quarry

Sand (8%) 80T 57.000T Calga Quarry
Kumell Quarry

(extract from Australian Govemment 2016) Lime filler (2%) 7T 14000T Various

Note: T=tonnes .
Crusher dust (22%) 29T 157.000 T Various

(Methods of Environmental and Social Impact Bitumen (5%) 0T 36.000T Camellia
Assessment, Therivel and Wood, 2018, pg 896)

So, here in this example, we look at the example of an airport as given in the book, we look at the example of
airports from Australia, Western Sydney, and how they are documenting the material. So, material consumed
during the construction of the Sydney Airport in terms of tonnes they have recorded so you look at during the
earthwork how much water they are consuming. And then what is the potential source and then they have also

quantified it.

Likewise, you will see how much asphalt they have used and then in terms of tons and then you also see the
potential resources from where they are getting it. So, even a local resource would also save a lot of energy.
And then, likewise, you see how they are using concrete, how they are using machinery for operation. So, you

can look at this example of how that documentation goes on.
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Wastes generated during construction of the South Stream offshore pipeline,
and potential management approaches
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(aapted fom South Sean Transport BY. 2014)
And then, there is another example from the Pipeline project. You can see here, how they are adopting it,
wastes, how they are dealing with the waste. So, what is the waste code? What is the typology? What is the
description, or from where the source is coming? Was the quantity of the source and then potentially

management, how they are going to handle it? And what kind of facilities do they have?
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Embodied cnergy in some common materials (based on Hammond and Joncs
Table 174 2011; Lawson 1996)
Material Encgy  Ency  Carbon
Mikg  MIkg(UK) COylke
(Australia) (UK)
Aggregate 0.083 00048 Glass fibre insulation (glass wool) 2800 135
Conercte (1:1.53 cg. in si floor slabs, 19 L 0.159 Rockwool (slab) 1680 105
structure) Expandod polystyrenc insulation 88.60 255
icks (comm 25 A e g
Brict (o) i g Polyurcthanc insulation (rigid foam) 101.50 348
Concrete block (medium density 10 Nimm?) 1.5 067 0073 Wool(rocyeled) insulation 209
Acrated block 36 30 030 Strw bale 09l
Rarnmod carth (o ccencat content) L 045 03 Aluminiom (goneral and incl. 3% recyeled) 170 155 824
Cement mortar (1:3) 1.3 0208 Bitomen (geacral) 51 038043
Stecl {general - average recycled content) B 2010 137 Hardboard %2 1600 105
Stainless steel 5670 613 MDF 13 1100 on
Timber (general - excludes soquestration) 1000 on
Gilue laminated timber 1.0 1200 087
Sawn hardwood 0520 1040 086 (Methods of Environmental and Social Impact
(based on Hammond and Jones 2011; Lawson 1996) Assessment, Therivel and Wood, 2018, pg 888)




I
Embodied energy in some common materials

Material Energy Encrgy Carbon

Mlkg MJkg (UK) COyke

(Australia) (UK)
Plywood 104 15.00 107
Plasterboard 44 6.75 038
Gypsum plaster 29 1.80 0.12
Glass 127 15.00 085
PVC (general) 80 7720 281
Linolcum 2500 121
Vinyl flooring 65.64 292
Temmazzo tiles 140 0.12
Wool carpet 106.00 553
Copper (average incl. 37% recycled) 100 4 260
Lead (incl. 61% recycled) 2521 157

(Methods of Environmental and Social Impact
(based on Hammond and Jones 2011; Lawson 1996) Assessment, Therivel and Wood, 2018, pg 889)

Similarly, you can see another example of where they are using documenting the embodied energy so that they
could understand the resource efficiency well, so you can see here how with material and each material, how is

the energy, embodied energy is taken care of in various country context.
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thestudy (150 2006b).

(Scrivener Publishing LLC, Curran, 2012)
So I have just snipped another life cycle impact assessment for you, from the lifecycle assessment handbook.
So, here you can see what is the process involved. And like, you will see what kind of mandatory elements are
there. So selection of impact categories, category indicators, categorization of the models you are going to use?
And then, assignment of lifecycle impact results, how do you classify them? You look at their significance at
that time, and then calculation of category indicator results.

So, how you are going to see the indicator based on the classification? And then, based on that, how do you

group and weigh it? So, we did discuss about grouping and weighting. So, when you classify that, and then you



see whether it is falling and the very high impact or low impact on what weightage you give to each of those

kinds of impact, which are happening. So, that was about the prediction.
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Mitigation

Now, moving on to the Mitigation aspect. So, resource efficiency is said to be best handled in the initial stage of
EIA. And especially when you are dealing with all the alternatives, like where the project should be located,
where the resource efficiency can be made at its best. And then, also when you are dealing with the design,
what materials to deal with, how the technology would be there. So, that is the level where you handle the

resource efficiency.
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‘Mitigation measures include

+ Reuse of waste materials wherever possible
+ Locating resource requirements close to the production site

+ Waste hierarchy can be applied (at the decommissioning stage also)

(Methods of Environmental and Social Impact Assessment, Therivel and Wood, 2018, pg 901)

So, while you are doing it, as a developer or the project designer, you need to look at how what materials you

are using and can there is less material, can achieve efficiency, sufficiency, or not. What do you need to look at



and whether the project could use fewer lands and all the resources, can you work on the lesser land? Can you

work in a more energy-efficient manner by the use of technology?

Can you use materials which are less have less embodied energy? And then how do you handle the waste
product? And how do you look at the water-efficient technology? And how do you have the various techniques

to recycle the resources, the water resource, the waste, all that you need to look at?

So, when you are doing the mitigation, you need to see all these again, all the concepts that you saw, how you
are taking care of all those things. So, when you improve technology, you can maximize the efficiency of the
resource and you can also minimize the pollution. So, all the concepts of reuse, recycle, all that would come
here, and your mitigation measure. So, now looking at that was very briefly on the mitigation point.
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Resource efficiency indicators

Now moving on to the resource efficiency indicator.
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https://ec.europa.eulenvironment/e
nvecolresource_efficiency/pdfistud
ieslreport.pdf

So here, | have taken this from the assessment of resource efficiency indicators and targets. So, they have given

you the link, you can download how it gives you a complete idea about various concepts, and also the indicator,
and then how you take care of it, or the resource efficiency part here. So, you see that in the initial week, the
first week of our lecture, we looked at the environmental status. So, while we were dealing with the
environmental status, we had all the global targets. So, resource efficiency also helps us to connect with the

global targets.

So, here you can see that how they have greenhouse gas emissions on top and how data reduce intend to reduce
by 20 to 30 percent by 2020, and 80 to 95 percent by 2050. And then how it is translated into the use of efficient
resource usage. So, water usage, actual land use. So, all that, how they are looking at the domestic material
consumption at different context level. So, through biomass consumption, mineral consumption, fossil fuel,

metal consumption, and nuclear energy, you can see how it is being dealt with.
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DPSIR Framework

Responses

The DPSIR framework (EEA, 2003)

(BIO Intelligence Service, Institute for Social Ecology and Sustainable Europe Research Institute, 2012)

And then they also came up with the DPSIR framework. So, which are the drivers, pressure, state, impact, and

response framework? So, we have studied about drivers, pressures, and states. So, there is this framework,
which, in this, you try to analyze, what are the key drivers of the resources which you are going to use, and then
the type of pressures exerted because of what kind of resource you are going to use, what kind of pressure will
be exerted on the natural resource, and the natural environment throughout the lifecycle of these of the product

stages.

And then what is the state of the ecosystem in which you are dealing with whether it is already stressed or it has
scope for further development that also you need to look into, and then what kind of impact it will have and
then what kind of response it will have in return. And then what kind of policy interventions you are going to
take, improve in terms of productivity, and then how you are going to deal with specific impacts. So, it also

provides you with the DPSIR framework, how to deal with this, and how to understand with.
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Resource efficiency indicators

Three types of indicators needed to measure resource efficiency

+ Indicators to measure progress in productivity of the use of resources (resource
productivity), e.g. €/kg

+ Indicators to evaluate the environmental impact of the use of specific resources,
e.g. impact/kg

+ Indicators to measure progress in reducing the ecological stress of resource
use (eco-efficiency), e.g. €/impact

(BIO Intelligence Service, Institute for Social Ecology and Sustainable Europe Research Institute, 2012)

And then you are you also have this particular resource. The report also gives you the indicators. So, you have a
resource productivity indicator, and looking at what is this? Resource productivity indicators are derived from
the relationship between drivers and pressures. So, like water and water is the water and what is the water
consumption per capita? So, that is what you look at water consumption per capita, when you are looking at

resource productivity indicators, and then you have a resource-specific impact.

So, this is another term that is used. So, you can calculate based on the relationship between pressure and
impact. So, for example, greenhouse gas emissions per unit of primary energy supply. So, as per the energy

supply, how much are the greenhouse gas emissions, this will help you to understand resource-specific impacts.
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Three indicator categories needed to measure resource efficiency

—>

BENEFITS IMPACTS
measured in value, measured in potential
eg. € etc. impacts, e.g. C0,-eq., etc.

Resource Resource
productivity specific impacts
measured in measured in

eg€fg  RESOURCEUSE  c&mpact/kg
measured in amounts,
eg. kg, m3, km? etc.

The three indicator categories needed to measure resource efficiency

(BIO Intelligence Service, Institute for Social Ecology and Sustainable Europe Research Institute, 2012)

So, what resource you are using, and what kind of impact it will have? So, here you can see again, the resource

efficiency indicator, indicates, you have they have developed a thematic strategy for the sustainable use of



natural resources, where you have three types of indicators, that are used for measuring resource efficiency. So,

you can see indicators to measure the productivity of the use of resources.

Like resource productivity in terms of what economic value is given per kg and then an indicator to evaluate the
environmental impact of the use of specific resources, when you have indicators to measure progress in
reducing the ecological stress of resource use, like cost for impact. So, if you look at that eco-efficiency, how do
you attain that? So, you see that three indicators category, which are used to measure resource efficiency, you
see the socio-economic benefits and environmental impacts and resource use, how they are being used at your

place.
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(BIO Intelligence Service, Institute for Social Ecology —
and Sustainable Europe Research Institute, 2012) o [

Further, this report also gives you a list of indicators that are used for evaluation purposes. So, again, you can

see the category material energy and greenhouse gas emission, water, land, and soil response indicators. So, you
can see resource issues. Resource what has been used under the material, the range of resources, and then how

you use the indicator. So, there are certain examples of indicators here.
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Link:
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ent/envecol/resource_efficienc
ylpdfistudies/report.pdf

For domestic material consumption, absolute per capita, raw material consumption, like whatever absolute per
capita environmental weight consumption, EMC, overall environmental impacts indicator, then for the biomass
also you have similarly, you can see for the metal also recovery use, recycle rates of specific metals. So, all
those indicators are given, which might help you look at how efficiently those resources are used.
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(BIO Intelligence Service, Institute for Social Ecology and Sustainable Europe Research Institute, 2012)

And then, you can look at another example, here taken from the same report. So, evaluation of indicators, so,
how do you evaluate those indicators? So, you might be looking at all these, like how it all the resource
category and what issues you are dealing with, and then what is the indicator, as you saw in the previous table,
and then how you are going to take care of it. Like through the policy support, or sensitiveness, rebound effects

past trends, future trends, early warnings, and how you are going to handle that.

And then, you can see, in this example, how they are looking at the resource efficiency, the green criteria
completely fulfilled within the policy support within the sensitiveness. So, all the green would show the matrix
you can prepare. Orange criteria, partially fulfilled, criteria do not fulfill all those red areas. So, this is how you

can even depict your findings for resource efficiency.
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The basket of resource use relevant indicators The baSket of
Resource use-oriented Environmental impact-oriented
Domestic Global Environmental | Environmental resource use
resource use demand i . .
ey Mttt coioimes: (mteidl|  relevant indicators
Jordomesticproduction | RSN resource use resource demand

Life-Cycle Resource Indicator
Domestic Material Raw Material Indicator (Emvironmentally-

weighted Material Consumption)*
Consumption)*
Domesticenergy use | Globalenergydemand | Domestic GHG emissions | * Global GHG emissions

GrossInland Energy |  Energy Footprint Territorial GHG Carbon Footprint
Consumption Emissions

Domesticwateruse | GlobalWaterdemand | Domestic water expioit. || GloBalwater explot
Water consumption Water Footprint Water Exploitation Global Water

(Water abstraction)* Index (Consumption Index
Domesticland use Globallsmddemand’ | Domestic LU intensity Global LUintensity

Domestic Land Actual Land Demand | Human Appropriation | eHANPP, LEACand
Demand (Land Footprint) of Net Primary other indicators on
Production ecosystem quality

(BIO Intelligence Service, Institute for Social Ecology and Sustainable Europe Research Institute, 2012)

And you also have resource use relevant indicators, a basket of resource use indicators. So, you see material
use, energy use, water use, and land use. And then, in terms of resource use, you look at the domestic resource



use, global resource demand, you look at that, and then kind of environmental impact, which it might have at
the domestic level and the global level. So, you look at this matrix here. So, you look at the material and

domestic resource use, domestic material consumption, and how it is.

So by the standards and your contextual commitment, as per the country commitment, you are going to look at
that, what is the raw material consumption rates and so on, and what is the energy footprint, what is the water
footprint, what is the actual land demand, land footprints, and so on, for a resource on your intent.
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So, there is another guideline, that is available for environmental impact assessment as a project, | have given
you the link here also you can see they have inbuilt and under, like try to handle points number 1, point 3, point

5, where you look at impact related to use of natural resources. So, there they have dealt with it.
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There is another report, which you can refer to lifecycle indicators for resource production waste. Here, again,
you can look at environmental impacts and areas of protection by resource and contributors. So, you again, see
raw materials space, environmental media, flow resources, how those resources are there, individual
contributors accounted, from where that is coming, and then what kind of consumption is there. And what kind

of impact is there and what kind of intervention has to be taken for the protection.

(Refer Slide Time: 43:18)

Land and ecasystem accounts for Europe
Towards geospatial environmental accounting

Link: file:///C:/Users/Admin/Downloads/ETC-ULS-02-
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So as you can see, there is another available report, which you can refer, to land and ecosystem accounts for

Europe towards geospatial environmental accounting. So, that is it.
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Summary

(1) Definitions and Concepts of Resource efficiency

* Life cycle assessment, Energy and mass balance, Closed loop systems, Waste
hierarchy, self-sufficiency and resilience

(2) Scoping and baseline studies
(3) Impact prediction and evaluation
(s) Mitigation

@ Resource erff'irciénc‘y indicators

So, summarizing what we cover today. So, we looked at the definitions and concepts of resource efficiency,

where we familiarized ourselves with different concepts. Then we looked at what we had undertaken during the



scoping and baseline studies. And then we looked at impact prediction and evaluation, for which we also looked
at several, guidelines and examples which are there in the later part.

Then we also looked at what we do in the mitigation and these are very much aligned with the definition and

concepts that you learned. So, that fits into the mitigation aspect. Then, we looked at resource efficiency
indicators like what are the indicators | used and the process in the domain.
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So, that was all for today and these were the references that we used for this particular session.
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And further, you can look into all these reports. The links have been provided to you. And winding up, please
feel free to ask questions.
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Let us know about any concerns you have. Do share your opinions, experiences, and suggestions looking

forward to interacting and co-learning with you while exploring Al. Thank you.



