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LCA - Case Study

Hello friends, so after the theory and practice of life cycle assessment, today we will discuss
about a case study that will illustrate the concepts of the life cycle assessment in real world
application you can say. How to implement LCA or how to use the LCA tool for carrying out
some exercise which can help us to decide whether we have to go this way or that way,
depending upon what alternates are there in terms of energy or in terms of any system related to

transportation.
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So today we will have a case study based on Denmark, and that is LCA, that is the life cycle

assessment of biomass based energy system, which Denmark has targeted to, for going from

fossil fuel based energy systems to this renewable energy resources.

So they conducted one particular study to learn whether if we shift from fossil fuel based
economy or transportation system or energy sector, to the biomass based energy system, then
whether there will be real advantage or not. So the LCA will give us this particular insight,
whether in some way it is good or it is not going to give us much benefits in comparison to the

fossil fuel based energy system.



So first of all we will discuss like study area, and then the background and scope of the study and
the methodology of the LCA processes, which are adopted in the study and then we will discuss
about the energy scenarios, which Denmark has considered for this particular study to shifting

towards renewable energy resources.

So various kind of scenarios they have discussed besides this conservative scenario based on
fossil fuel studies. Then we will see the measures for managing energy demand, because if we
can reduce energy demand by some way of innovation, changing some processes, then also we
are basically reducing fossil fuel emissions, those greenhouse gas emissions or air pollution
emissions, those kind of things.

Then we will see the impacts related consideration, this fossil fuel based, plus the biomass based,
energy system based, so that we can compare and the comparison of different fuels will be
carried out and based on that we will conclude what is take away lesson or take away kind of

strategy from this particular study.
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Study area: Denmark North 3]
So SWEDEN
DENMARK
* Denmark is situated in Northern- i‘"ft
Copenhagen 0

Europe.

+ Its capital city Copenhagen is known

; A GERMANY
for its cycle-friendly infrastructure.

Source; (htps://www,bbe com/news/world europe-17929661)

* It has high-income economy.

This study area is basically based in Denmark, this country, which is nearer to this Germany and
Sweden. So north part of the Europe, and the capital city is Copenhagen which is already quite
famous for cycle friend infrastructure. If you recall there are various case studies and this

Denmark related case study for non-motorized vehicle is also quite famous and it is also high



income economy, developed country you can say. A lot of activities are there which are
contributing to this GDP.
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Background of study
* Denmark targeted to reach a 100% renewable energy system in
2050 primarily based on wind power and biomass energy but
also involving significant decreases in the national energy

demand

* 100% renewable energy systems can only realistically be

achieved through
+ Significant reductions in energy demand,
* Increased efficiencies of fuel conversion technologies
* Higher shares of wind power (e.g., up to 50%)
+ Replacement of fossil fuels with biomass resource
* Integration of the transport sector into the energy system,

e.g., through establishment of electric vehicles

So the background of the study is that, because Denmark is shifting its energy demand related

systems and the resources towards 100 % renewable energy system, so that is a target for 2050.
So step by step they want to change the infrastructure system as well as the energy production
systems. So that from fossil fuel based energy system they can shift towards these renewable

energy resources.

Renewable energy resources as you know, this may come from various sources like biomass or
bio-fuels and then these wind or solar and so many renewable resources are there for energy. So
also at the same time, like energy demand reduction, because as you know when we shifted from
ordinary bulb to CFL and LCD bulbs so energy demand automatically got reduced, with same

requirement fulfilling the same needs of the illumination, right?

So those kind of technological innovations also reduced the total demand of the energy at the
national level. So not only the fuel related shifting but also the innovation related things have to
be carried out to reduce the total energy demand. Plus we have to see like 100 % renewable

energy systems which can realistically achieve.



This is the baseline or the bottom line of this Denmark study that it should result in significant
reductions in energy demand. It should also increase the efficiency of the fuel conversion
technologies because every kind of fuel has its own positive or negative aspects and some system
which are designed for a particular energy source then the work which we take or the work done
by the energy input becomes very less, a lot of losses are there from conversion, from one state

of energy to another one and then really taking it into action.

So higher shares of wind power it is also one aspect that not only other resources which are of
renewable nature have to be increased like bio-fuel or solar, et cetera but in northern countries
there are issues like they have a lot of long nights for several months because of their latitude and
their positions or geographical location. So solar may not be so much, like in tropical countries
as India, etc., but they can harness like bio-fuel related energy or bio-gas, bio-diesel, those kind

of things they can go for and they have experimented in that direction.

Plus wind related, off shore wind farms, they can have a lot of wind energy resources, they can
generate and that is why the target is like 50 % up to the share of this wind energy must be there
and they have achieved, those data are not included in this study but there are data that they have,

like in 2016 their share of wind energy was around more than 40 % or so.

Replacement of fossil fuels with biomass resources, this is one target of this study and then the
integration of transportation sector into several energy systems including the electric vehicle so
that if you have electric production, power production from renewable resources then again it
gives advantage that you can use electricity for driving these vehicles, electric driven vehicles,

battery based vehicles.
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I
Sector-wise energy demand of Denmark: 2008

+ Transport sector is the

Denmark: 2008 Final Energy highest energy demand
Consumption by Sector sector in Denmark.
® Transport

+ Households and
industry are followed
by it with 29 & 18%
respectively.

® Houscholds
Industry

® Services/Commere

eelc.
® Agriculture

Source IEA, 2008

If we see this scenario of 2008 because that is the baseline information available in that study; so

this is 2008 study data; so in that if consumption by sector, energy consumption by sector if we
see; so the transportation sector has the maximum share, this is around 34 %, after that this

household related energy usage are there.

So this is 29 %, followed by industry, that is 18 % and then service sector or commerce activity is
13 % and agriculture related energy consumption is only 6 %. So that is the kind of share. So a lot
of scope is there in transportation sector or household sector if we can meet the demand of these
two big sectors from renewable energy resources then big achievement can be there towards
shifting to renewable energy sources and reducing the environmental impacts of greenhouse gas

emissions, etc.
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Energy sources of Denmark- 2008

* |n 2008, the share of fossil fuels in the
energy system corresponded to about 84%
(of the primary energy supply).

* Only 16% of the energy supply was based
on renewable sources such as biomass,
solar energy and waste resources

¢ The share of oil corresponded to 39%.

Image source; moderndiplomacy.eu

Well you can see these energy sources are of different nature and here this wind farm is shown.

So the 16 % of this energy was based on renewable resources like biomass, solar, waste, etc., in
2008, and 84 % was primary from fossil fuel based. So a lot of scope is there for reduction of
usage of the fossil fuel and increasing the share of renewable resources, whether biomass or solar

or wind.

And in wind they have made a significant progress. Later on we can see those kind of things. The
share of oil correspondence is around 39 % otherwise other fossil fuels are like gasses coal, etc.,

there are the share of that.
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Scope of study

+ Overview of the environmental consequences of changing
energy production in the future needed.

* Allupstream, direct and downstream emissions need to be
accounted through lifecycle perspective.

* Quantification of environmental impacts associated with
potential future energy scenarios for Denmark in 2030 and
2050

* Future scenarios compared with the existing energy system
in the reference year 2008

Well the scope of study is basically like overview of environmental consequences of changing
energy production. So when we shift towards renewable energy resources so they will also have
some environmental impacts. For example if we are going towards bio-diesel crop then land will
be required. Then when we are growing crops then fertilizers will be used, so the fluent, this

storm water may have nitrogen, etc.

So there are issues. It is not that renewable resources are very good in every aspects. There are
issues and we have to tackle them properly. Then all upstream, direct and downstream emissions
need to be accounted through life cycle perspective only then total picture will emerge, from

beginning to the end, of every kind of energy system.

Then the quantification of environmental impacts, associated with these future energy scenarios
which Denmark wants to achieve in 2030 or 2050 so those energy scenarios we have to discuss
and the future scenario compared with the existing energy systems with reference to 2008, have
to be seen to see whether how much advantage is there in terms of reduction of some pollutants
or how much negative things are there due to release of some additional pollutants. So in totality

we have to see.
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Objectives of study

Quantification o
identification of environmental
potential biomass impacts associated
resources

The objective of the study, so it is basically the identification of these potential biomass
resources because this particular study is focused on biomass otherwise renewable resources are
many, but to illustrate how to use this tool of LCA, life cycle assessment, we are just taking this

study of Denmark, focused on biomass, please notice this thing.

Then identification and selection of suitable biomass, conservation, conversion technologies,
means biomass conversion into energy, and then efficiencies also, how much efficiency we can
achieve, then quantification of environmental impact that is the point which is basic the deciding
criteria or benchmark, so the impacts on the environment associate with those selected energy
scenarios, whether fossil fuel that is conservative scenario or this biomass related scenarios, so

we have to see.
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Methodology of Study: Defining the goal

+ The goal of the LCA was to assess the environmental impacts
related to more sustainable energy scenarios in Denmark.

+ Selection of a range of potentially future energy scenarios
based on a mix of residual agricultural resources, energy crops,
wind and other renewables and to the extent needed including
fossil fuels.

+ Comparison of all future energy scenarios with a reference
representing the Danish energy system in 2008.

The methodology is basically like you have seen those steps when we discussed the theory of
LCA or life cycle assessment that first we have to define the goal. Goal definition is very
important, because it will help us to adopt the methodologies in different steps. So the goal of
LCA is basically the environmental impacts related to different energy scenarios so assessment

of those environmental impacts.

And then we have also to see the range of these potential future energy scenarios, whether based
on agriculture residue, waste products or energy crops, means biomass, bio-fuel related some
crops and then the wind and other renewables and to the extend some fossil fuel, of course we
cannot go for zero fossil fuel just like that. Step by step we have to go in the direction of

renewable resources.

So for different scenarios some mix may be there, some quantity of fossil fuel can also be there,
and then comparison of those future energy scenarios with the reference and the reference is
energy scenario or energy system of 2008, and that is dominated by fossil fuel, you can recall we

discussed that 84 % energy system is driven by fossil fuel based energy sources.
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Methodology of Study: Functional unit

* The service defined by the LCA functional unit was
“meeting the energy demand (electricity, heat and fuels)
required in Denmark”

¢ Foryears 2008, 2030 and 2050

* This service does not describe the amount of energy
provided, but it is defined to ensure that the future living
standards are same as the 2008 baseline

And the methodology, that functional unit we have to define again, so what is that? Whether this
energy demand is to be taken from electricity or heat, fuel, those kind of requirements are there,
so that has to be incorporated and what are the years? The boundary line you can say, so 2008,
then 2030, and 2050, so three scenarios we can create in terms of timeline. And then the baseline

data is related to 2008 only.
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Methodology of Study: Scope set-up

+ LCA modelling for Primary Energy Supply (PES)

* Normalized result with PES for the individual years
(2008, 2030 & 2050) to allow comparison (to the
intensity of the environmental impact)

* The environmental impacts were quantified with a
time horizon of 100 years.

Scope is to be set up like modeling of LCA and then the primary energy supply related

relationship and normalizing all those values in terms of the intensity whether CO2 emissions or



acidification related emissions or those, and then quantification for 100 years are also carried out

by this study, but our focus is only for these scenarios like 2008, 2030 and 2050.
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Methodology of Study: Assessment approach
+ Selection of potential energy scenarios based on available

national energy strategies and political targets (e.g. regarding
shares of wind power, CO, emission reductions, etc.)

+ Selection of relevant conversion technologies and collection
of associated technology data for the LCA

* Balancing energy supply and demand for each scenario to
provide the necessary input for the LCA

+ Impact assessment and discussion of results

The assessment approach is basically, means what kind of parameters are there, which can give
us idea about whether some advantage or disadvantage are there, so we have to compare, what
are those parameters. Those parameters are like how much CO2 emission is there, whether it is
increasing or reducing, or some acidification related potential is there, whether it is increasing or
decreasing. So those kind of things. Then impact assessment and discussion in that particular

integrated way we have to see.
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Methodology of Study: Impact Assessment Category

* Global warming as CO, eq, emission

+ Impacts related to land occupation included in the
assessment

+ Acidification, the results were expressed as area of

unprotected ecosystem per unit energy

* Aquatic eutrophication, two sub-categories were used :
aquatic eutrophication (nitrogen) & aquatic eutrophication
(phosphorous).

So you can see like global warming related potential we have to determine, in terms of CO2
emissions, so CO2 equivalent we can convert and see and then land occupation because if you
are growing energy crops then you have to grow in agricultural fields so the land occupation is
also one issue. Like fossil fuel, you do not occupy land except like refineries or some pipeline,

etc.

But as such land use changes are not so significant, which can be there because of energy crops,
because then you will need a lot of hectares of agricultural land for growing those crops, so those
kind of things we have to see then acidification potential means those acidic gases like SO2,

NO2, how much emission is there, whether emissions are reducing in this case or increasing.

Then aquatic eutrophication because when we are growing crops then issues are there with the
fertilizers, so nitrogen phosphorous and these are the nutrients which boost or which go for
eutrophication related problems, because algae production and all those kind of things may

happen in water bodies because of these run offs.
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Energy Scenarios

The last three scenarios

represent different potential

alternatives for transport fuel
}‘ production in year 2050. |

Five different energy scenarios were assessed

* Year 2008 (Baseline)

* Year 2030

* Year 2050 - CSV (conservative scenario),

+ Year 2050- RME (Bio-diesel as Rapeseed Methyl
Ester (RME); totally produced from rapeseed)

* Year 2050 - BtL (Biomass-to-Liquid and Fischer-
Tropsch technology, except for the share of RME
corresponding to the amount produced today in
DK)

So the energy scenarios as we discussed like 2008 is the baseline, 2030 we have to see, 2050
conservative scenario means fossil fuel, we are not changing any, we are just using this kind of

business as usual you can say.

So that scenario, then other scenarios are based on bio-diesel produced by this Rapeseed Methyl
Easter or then from biomass to liquid conversion, this technology, Fischer-Tropsch technology
and then comparison of these scenarios so 2050 are kind of three scenarios conservation,

conservative, and this RME related and then BtL related.
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So you can see different kind of energy scenarios are there, like 2008. So the energy demand

related calculations are there which are shown in this flow chart.
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2050 Energy Demand : Common for all 3-alternative scenario

GH: geothermal heating, ST: solar
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NG: natural gas, BG: biogas, BP: byproducts, E: electricity, H: heat, H:
process heat (industry), L: losses, DS: diesel, BD: biodiesel, AF:
aviation fuel, SF: synthetic fuel.




I @400
2050 Energy Demand : RME
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BG: biogas, BP: byproducts, E: electricity, H: heat, H: process heat (industry),
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BG: biogas, BP: byproducts, E: electricity, H: heat, H: process heat
{industry), L: losses, DS: diesel, BD: biodiesel, AF: aviation fuel, SF: synthetic
fuel.

Similarly for 2030 and 2050, so those kind of values are there which can easily be compared
with each other, 2050 for this conservative scenario. And then this RME related scenario and this

BtL which we just discussed.
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Measures for energy demand: Electricity Production

/ SOFC: Solid Oxide Fuel
o 7 : Cell

* Introduction of Introduction Reduction | * Decommiss CHP: Combined Heat &

SOFC CHPs (33% of of SOFC of primary ion of old Power
total CHP plants) ~ CHPs (100% energy power
of total CHP  supply plants.
+ Geothermal plants  plants) from fossi
are installed fuel. * Integration
reaching a total of
production of geothermal
about 4 TWh (15% with
of demand in big incineration
cities) plants

So measures of energy demand means how to see the energy demand in different years 2030,
2050, and what is there, effect like reduction in primary energy supply from fossil fuel when we
are shifting to better fuel. So those kind of things and the policy change is required for those
shifting.
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The expected growth in passenger transport  Growth in passenger Measures for
(18%) is assumed covered equally by train transport
transport and by ‘avoiding transport’ (compared to 2030 value) is ene rgy

‘avoided’ .
Bicycling and walking meet 10% of transport dema nd La nd
demand (5% in 2008) Vehicles meet 50% of the Trans po rt 1 / )

transport demand. Railroads
Vehicles meet 60% of the transport demand. meet 40% of the transport

Railroads meet 30% of the demand.
transport demand.

Bicycling and walking meet
Bioethanol covers about 5% of the 10% of the transport
passenger transport. demand
Half of the good transport is No bioethanolis needed for
diverted to ships and trains. transportation,




So you can see these are the listed from this study, that how much percentage is there, like
bicycling, why this 10 % of the transportation demand in comparison to 2008 where it was only 5

%. So in 2030 they have assumed 10 %.

So similarly vehicles like in 2050, 50 % of the transport demand from public transportation like
railroads, and 40 % of the transport demand is met by those. Similarly bio-ethenol covers 5 % of
the passenger transport bicycling here 10 % remains, so those kind of different modes of the

transport are there and their share is given.
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Measures for energy demand: Land Transport 2/2

m Policy Change

Reduction of fuel  Introduction of road pricing and

consumption and  better physical urban planning.

of primary energy

supply from fossil  Expansion of railroads (higher

fuel. capacity and higher speed) and
implementation of better physical
urban planning.

Installation of loading stations; lov
electric vehicles are also needed as

storage system to accommodate

electricity fluctuations.

And land transport if you want to see then effects like reduction of fuel consumption in primary
energy sources and then expansion of those as | said, railroads and capacity of higher speed, their
increasing the higher capacity and then physical urban planning has to be implemented in that
way so that more and more public related, those transportation can be used, because then per

kilometer emissions becomes quite less.
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Measures for energy demand: Aviation

U3

Domestic Same as 2030  Reduction of  Expansion of

flights are fuel railroads and
reduced to 5% consumption  improvement
of the current and of primary  of fuel-
demand. energy supply  combustion
from fossil technology of
fuel. the planes.

Aviation is you see like domestic 5 percent of the current demand in 2030, it was assumed, in
2050 it was same, it was considered, so the reduction of the fuel consumption in primary energy,
fossil fuel because aviation related share will be reduced and it will be catered by other land
transportation kind of things and accordingly policy changes are to be there.
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Measures for energy demand: Water Transport

| 2050 | | Policy Change

Ships will Ships will Reduction of  Improvement

lower the fuel lower the fuel fuel of fuel-

demand demand consumption  combustion

by 40% by 60% and of technology of

comparedto  comparedto  primary the ships.

2008. 2008, energy supply
from fossil 73
fuel.

Then water transport like in 2030, ships will lower the fuel demand by 40 % compared to 2008,

so because a lot of goods will be transported by that water transport and 2050 it will further



increase to 60 %. So fuel demand will further reduce from 40 % to 60 % so more advantage is
there. So naturally the effect is reduction in fuel consumption of the fossil fuel and the
improvement of some technologies, those kind of policies are also will be there for ships

particularly.
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Technology for Biomass to Energy conversion

Biomass Energy technology Products Use of products and byproducts

Minwre Anderobic digestion Biogas and digestate Biogas to heat and electrcity. Digestate to use on land

Grass Anaerobic digestion Beogas, solid biofuel and Biogas to heat and electriity, Grass ibers to heat and
proteins clectricity, Proteins substitute soymeal

Wood and willow  Gasification Syngas and biochar Syngas to heat and elecricity. Bochar to use on land

Straw Gasification Syngas and biochar Syngas 1o heat and dleariaity. Bochar to use on land

Waste [naneration Electricity and heat

Rapeseed Transestenfication RME, glycerin and solid RME to transport. Glycenin substitutes glycerin production
biofuel Biofuel to heat and electricity

Willow (BtL. FT Casification and Ficher-Tropsch  FT-biodiese] and biochar FT-biodiese! for transport. Biochar to use on bind

Straw (BE) Straw refinery BE, molasses and solid Bioethanol for transport. Molasses substitutes fodder. Bofudl
beofuel 1o heat and electricity

Then technology for biomass to energy conversion, we have to see, so like this biomass if it is

manure or grass type, then through anaerobic digestion you can convert this into bio-gas, bio-gas
can be produced. And this can be used for heating purpose, production of electricity also, so

those kind of changes may be there for this system.

Then if you are going to use the wood and this straw, et cetera or waste, then you can convert
them into gas, gasification can be there. Similarly other issue are there which can be linked with
similar technology and ultimately whether you convert it into gas so accordingly the engine
technology changes. If you convert it into the electricity by producing steam and running turbine,

etc., then you can go for battery operated vehicles.
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Impact: Global Warming (GW) Contribution ofthe different sub-
processes to the impact on the

selected environmental categories.

1 & | 2050 ;
e ; PP: power plants; LUC: sum of direct

Land Use Change (dLUC) and
indirect Land Use Change (iLUC);
BtE; Biomass-to-Energy.
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So when see in terms of the impact, so this pictorial representation gives very good illustration
like in terms of global warming potential when we see this 2008, so it is quite gigagram CO2
equivalent, it is around 70, that is 68, the total value and which is from this fossil fuel and the

bio-fuel combustion, etc.

But when we are shifting that scenario of renewable resources 2030, then it is reducing to 38,
great reduction. Similarly in 2050, further you can have these kind of values which are further

reducing because of this share of renewable resources.
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issues are there.
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Impact: Acidification (AC)
350 PP: power plants; LUC:
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Similarly in acidification if you see, this 2008, in comparison to the other, like 2030 or 2050
related issues there. So of course you can see that this conservative related scenario is also giving
less value because of technology improvement and acidification is increasing in terms of bio-fuel
related emissions because these crops related issues are there and nitrogen emissions related
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Impact: Eutrophication-Nitrogen (EP-N)
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Similarly eutrophication is basically increasing, because when crop based bio-fuel energy system
we are developing then the emissions of these nitrogen and phosphorous in the run-off is more in

comparison to this 2008 and so, so that is the negative point you can say.

(Refer Slide Time: 22:59)
I
Impact: Additional Land Occupation (LO)
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Similarly the land occupation as | said earlier also, that because you will need a lot of
agricultural farms, so the land utilization will also increase in case of, we are shifting this bio

crops related system.
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+ Significant reductions in GHGs emissions and global warming
impacts can be achieved per PJ of energy supplied

+ Residual domestic biomass resources were insufficient to cover
demand for biomass energy thereby requiring additional
cultivation of energy crops which caused significant
environmental loads in most impact categories

+ Large impacts associated with upstream land use changes
(LUCs) made the use of fossil diesel for heavy transport
favorable to RME- and FT-biodiesel




So in conclusion we can say that of course there are significant reduction in greenhouse gas

emission. That is one advantage.
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+ High potential aquatic eutrophication effects were a direct
consequence of energy crops cultivation.

+ Reduction of the energy demand, increased share of wind
power and replacement of fossil fuels with residual
domestically available biomasses represented the main means
for GHGs emissions savings in the future energy scenarios.

+ Main environmental challenge is the supply of biofuels for
heavy terrestrial transport, ships, defense and aviation.

But at the same time a lot of land resources we need, because we need to have these energy crops

to grow and also there are challenges, if we do not use fertilizers, et cetera, judicially, if we do
not have better technology to retain these effluents of nitrogen and phosphorous then another
problem can be there of eutrophication. Whether nitrogen driven or phosphorous driven,

depending upon those water bodies, but that is also one very negative impact.
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* Use of energy crops to fulfill this demand caused significant
environmental impacts related to global warming (mainly due
to LUC), aquatic eutrophication (increased fertilizers use) and
land occupation.

+ Use of fossil diesel for these applications appeared preferable
over the biomass-based fuels, except for global warming
where FT-biodiesel performed slightly better

So in totality we have to see whether, what kind of advantage are there.

(Refer Slide Time: 23:59)

A
Conclusions

+ LCAiis a tool which gives a clear objective understanding
of impacts of choices

+ LCAis a strong tool to assess the comparative impacts
of policy alternative on environment.

+ LCA can be widely used in transport policy & planning.

But LCA gives us this kind of total picture, because sometimes counter intuitive things happen,
we feel that of course renewable resources is there so it is good, we are having all the time, these
kind of impression but when you calculate, when you quantify only then you would be able that
may be in certain aspect it is good, but in other aspects it may be challenging. You have to
change some technologies otherwise you will not be able to remove the problems altogether.



Because one problem removal may be there or overcoming is there, but another problem may
emerge, that is not good, like a side effect kind of a thing. So, negative side effects may be there.
So in conclusion we can say that this is a tool which gives us clear objective understanding,
means not subjective of imaginary based of, perception based of decision making but objective,

quantification based kind of understanding it gives.

So we can choose better options, because we have values and we have the non-challenging
values because we have quantified in certain way and following those equations and we have
those values and values can be easily compared rather than judgment based on the perception. So
this is a tool which can give us a good comparison between impacts of different policies, which

are alternative policies in terms of technology or fuel types, etc.

So what would be the impact on the environment and it is also widely used basically for
transportation policy and the planning, because it gives in totality from, we have discussed many
times that from the cradle to grave kind of situation is there so every step, what kind of energy
consumption is there, what kind of emissions, series or streams are there and whether they are

reducing or increasing. So all in total we can compare.
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