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1.Introduction

This document describes the goal and scope phase of the life cycle assessment (LCégsaf siediesf

the H2020 HyperCOG projefdeliverable 7.1)These are the steel production plant of Sidenor (Spain), the
white Portland cement production line of Cimsa (Turkey) and theeamth extraction process of Solvay
(France).

The overall purpose of the LCA is to test the proposition laid out biiyiperCOG project, namely that the
use of industrial cybephysical systems (CPS) will increase the production performance of industries, using
three case studies as test cases.

The document starts witthe elements that are common to the three case stagtiéatroduction to the
methods and to cognitive manufacturing, followed by the goal and scope proposed for each caSacstudy.
case study starts with a description of the production process, followed by a review of the literature, a
description of th@lanned intervention and the definition of the elements of the goal and scope.

This document is public and LCA results will be part of publicly available materials, including scientific
publications. It is important to note that the study does not comigiyall the rules established by 1SO for
ISO-compliant studies, since a review panel is required for comparative assertions.

1.1. Life cycle Assessment

Life cycleassessment (LCA$ an approach to comprehensively address the impacts of products and services.
It is a recognised and broadly used methodolétpliweg and Mila i Canals 2014ased on ISO standards
(ISO 2006) The LCA method has four stagthat are performeteratively:

1. Goal and scope definition sets out the context of the study, the methods, and exgitains
intended application

2. Inventory analysis consists of compiling an inventory of relevant energy and material inputs and
environmental releases

3. Life cycle impact assessmenEvaluation of the potential impacts of the inventoried flows on
subjects of concern (e.g. impacts on biodiversity, human health etc).

4. Interpretation : a systematic technique to evaluate the impact assessesults.

This document focus on the first stage, the goal and scope definition. LCA is an iterative process.sThe goal
and scopgpresented herarebased on a preliminary assessment of the literature and available background
LCA databasedt is possble that as the HyperCOG project advances, some elements of the goal and scope
are revisited to better fulfil the purpose of the study.

LCA emerged as a tool to assess environmental effects of production systems, but with time it has evolved

to address #3 pillars of sustainability, namely environmental, economic and social sustainability. The term

LCA is often used to refer to the environmental assessment, while life cycle costing (LCC) does an economic
account of production systems and social LCA (S).@A assessment of social impacts. The joint analysis

of these 3 aspects is referred t oStrietlgspéakirigftréisstady cl e s u s
isa LCSA.

The inventory includes all the flowe. exchangegkequired to produce a0gd or service. The production

system is modelled as a combination of activities that exchange flows. In environmental LCA, the inventory

is constituted of energy and material flows such as €Missions, or electricity use. The economic
assessment docuntethe monetarisedcosts, following conventions of national accounts, distinguishing
between compensation to employees (wages), costs of intermediate inputs, operating surplus and net taxes.
The sum determines the cost of the final prodeicfurel gives an example of the cost structure of different
sectors in the Danish economy.

D7.1. LCA Goal and Scope definition
Public



HypercC

A Agriculture, forestry and fishing -
B Mining and quarrying -
C Manufacturing -

D_E Utility services -

I Net operating
g F Construction - - su_rplus and

< mixed income
: G_| Trade and transport etc. - — Compensation of
5 employees

£ J Information and communication - Consumption of
@ K Financial and insurance - Seaal="

U L . Other taxes

= LA Real estate activities an_d renting qf non- _ mmm less subsidies
] residential buildings on production
C . .

S LB Dwellings - Intermediate

8 consumption

M_N Other business services -
O_Q Public administration, education and health -

Of which: General government -

R_S Arts, entertainment and other services -
40 60 80 100
% of output

[=]
N
[=]

Figure 1: cost structure of different sector of the Danish economy

In the impact assessment phabte myriad of flows associated with a production systefir e duced o6 t o a
series of complementary impact assessment indicators. On the environmental side, there are several impact
assessment methods to be applied, taere isnotyshic onsensus on whi@réawidelgye i s th
known methods the global warming potentials used to aggregate the effect of different greenhouse gases

into the equivalent effect of (G€q). In the economic assessmait costs areonsidered equiy important

regardless of their natuesmd aggregated. In the social footprint method, utiligighted changes in income

are combined with productivity impacts (i.e. externalities due to poor goverreamteded as a measure of

social welfare(Weidema 2018)

The environmental CA is by far the most developdiillard from a scientific viewpointwhile LCC and
SLCA areless common. The economic assessment is pgsbiblsimplest one becausestaccounting is
widespread. Tdgoal and scope follow the structure laid out by B0Oenvironmental LCAextending it to
economic and socialssessmentzeeded for LCC and SLCA

1.2. LCA concepts

The goal and scope definition uses a series of concepts that can be difficult to grasp-¥ex@enioaudience.
This section describes some of the concepts that are needed to understand a goal and scope definition. For
further details se@SO 2006)

Functional unit: the functional unit is @uantified grformance of a product systef@ystems are only
comparable if they provide the same functibor example, when comparing hand driers a functional unit
could be one pair of hands driethe concept of functional unit connected to the concept of refeflemge

which is a measure of the outputs of a production system required to fulfil the function described by the
functional unit.Following the same example, the reference flow of an air-daied would be the volume of

hot air needed to dry a pair of hand

Allocation: production systems can produce more than one product but we may be inierestadating

the burden associatedth one of the products. The calculation of burdens associatiedne of the products

of mul tifunctional systems is called #fAallocationo.
problem, depending on the nature of the study.

System boundariesthe criteria specifying the processes are part of the pregiatgm.t describes which
activitiegprocess are required to deliver the functional unit. In the context of this pregeshould attempt
to model all processes affected by the introduction of CPS.

L utility weighting attempts to model how the benefits of increases in income depend on the wages and
purchase power.
D7.1. LCA Goal and Scope definition
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1.3. Cognitive manufacturing

Digitalization of industrial processes offeapromising perspective to improve manufacturing processes. It
involves the introduction of cybgrhysical systems (CPS) and smart algorithms to optimise the production
process, leveraging the improvements iachine learning and big data analytics. Manufacturing with CPS
systems is also called cognitive manufactugngd f al | s wi t hi n tlhisexpeatedthan o f
cognitive manufacturingnakesindustries more competitive and efficient, butrthés a lack of studies
quantifying their effects, and this project aims to address that limitation.

Although there are no LCA studies of cognitive manufacturing, some conclusions can be drawn from studies
of digitalization by Information and communicatitathnologies (ICT). A recent review points out that many
studies ignore highesrder effects such as rebound effects which are difficult to afBeks et al. 2019)

The impacts of the technology enabling the digitalizatiomgenerély considered to have a minor impact
compared with the savings it can produce. For example, a study on optimization of waste collection by a
network of sensors showed how it is possible to reduce environmental impacts consistently without sifting
burdengBonvoisin et al. 2014)However,arother review of digitalisation of medi@oncludes that energy
savings can not be taken for granted, and rebound effects should not be né€@lectednd Sorrell 2020)

The existing electronic sensors have a negligible contribution to impact therefore the environmental burden
of adding more sensors is unlikely to be very releuvatdss it drastically increases electricity consumption.
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2.Sidenor case study

Sidenoris thecase study of the steel production sector. Steel production is amongst the largest industrial
energy consumers worldwide, therefore even moderate improvements in production practices can have wide
implications globally.

2.1. Description of stegbroduction

Steel is mainly produced from iron ore or scrap. There are two main approaches to produce steel. The
integrated route, which uses mainly iron ore as raw materials, process it in blast furnaces (BF) and basic
oxygen furnaces ( BOF) .electrib arc firmaeeqBAE)landmminly steel sceap asu s e s
feedstock. EAF also udtirect reduced irorand, orpig irorn? as feedstock. Globally, about 74% of steel
production is produced via BOS and 25% using E&Worldsteel 2018) This projects modelmaEAF

production plant.

In EAF production steel scrap and other feedstocks are loaded into the togetber with additiveéswhere

the electrodes powered kajternativecurrent (AC) melt it. Oxygen is added to mse impurities and

sometimes natural gas to heat cold points. Once the desired temperature is reached, the melted metal is poured
intoladls . A batch of steel i s theknmlbew metahistreated &nd katartpaured | n t h-
into a broad intermediate vessel calteddish The tundish feds molten metal into a mould for casting

different products.

During the metallurgic procesoxide phases produce a layer of slag floating in the surface of the molten
metal. Elements of the slag phase are reduced and enter into the steel phasevansifitieon et al. 2018)

The slag composition can be used to control the quantity and types of additives to be added to the steel. Slag
is recovered hih in the furnace (black slag) and in the ladles (white slag). The slag can be used for different
processes, from clinker substitution in cement production to use aggregate material in construction

work.

Figure 2: ladle furnace slag

Usually, heats are grouped ingequencesontaining molten metal of a similar composition, which use the
same casting machine and the same set of disposable materials (tundish lining, stopper rod, nozzles).
Changing from sequence to sequence is results ipraguctive time due to machirestating, also greater

costs of refractory materials and should be minimised. However, sequences cannot be too long, because the
quality in the products does not allow to make more than a fixed amount of heats in the same sequence. More
importantly, clients dmand steels of different grades, which need to be part of the same sequence,
complicating the logistics of the operation and generatinguadid mixed steel products in the process (the

yield of the overall process is reduced as the mixed steel pattvalid for any of the heats). Scheduling of

the heats is also complicated by production incidents, which are inherently difficult to foresee and ladle
maintenance, as the refractory lining of the ladles needs to be periodically repaired.

2 Pig iron is produced in blast furnaces, which are part of the integrated route of steelmaking
3 Coke is used to add carbon and lime for makingsthg.
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Figure 3: ladle pouring molten steel

2.2. Literature review on the LCA of steptoduction

LCA studies are broadly divided between studies that model the effect of changes in production systems
(consequential LCA CLCA) and studies that aim to pnack a snapshot of current practices and attribute
burdens using normative allocation (attributional LCA). Since this study aims to assess the effects of
implementing CPS systems in cement production, CLCA is the correct methodological approach and the
review uses preferable CLCA studies.

Environment: LCA studies with different goals are hardly comparable, but existing studies can give an idea
of where the greatest opportunities for improvement are. EAF steel requires much less energy than BOS steel,
and ithas a lower environmental footprint, provided that the scrap feedstock is available. However, the impact
per kg of steel is considerably variabkegure4). The footpimt of EAF steel depends mainly on the a) the
impacts of the electricity used b) the feedstock used.

EAF -
& mem RER
2 me RoW
£ . CA-QC
o N
=

BOF -

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
kg CO2eq / kg steel (low-alloy)

Figure 4: Global warming emissions of low alloy steel produced in different regions (RoW: rest of the world, RER:
Europe, IN: India, CA-QC: Quebec)

Moreover, steel impacts depend hugely on modelling considerations. For instance, in the database exiobase,

EAF steel is modelled asracyclingactivity (i.e. fed only with scrap) that offsets the production of BOS

steel, andithasme t fi n e g a trigure 8). Thatng, the moee stéel is produced by EAF the lower are

emissions of steel production globally. This does not mean that steel praguct c an be a finegati v
sectordo because EAF production is |imited by the av
we become better at reusing steel scrap. These results suggest that increasing the amount of steel produced

per tonof scrap is likely to be a key performance indicator. If for the same amount of scrap more steel is
produced, less steel from BOS will be needed.

D7.1. LCA Goal and Scope definition
Public




Re-processing of secondary steel into new steel {ES} - I
Recycling of waste and scrap {ES} - I

Construction {ES} - I

Stee prod. (805)1es) - [
other - I

B -3 =1 0
kg CO2eq per kg steel

Figure 5: Global warming impacts of EAF steel production in Spain according to Exiobase 3.3.16b2; Stepwise
endpoint indicators.

Figure 6 display the main contributors to enviroental impact compounded to a single indicator using the
Stepwise method. It points in a similar direction. One of the main advantages of improving EAF production
could be the avoided BOS steel production.
(Benzo(a)pyrene, Steel BOS prod.) --
(Zinc, Steel BOS prod.) --
(Methane, fossil, Steel BOS prod.) --
(TSP, Steel BOS prod.) --
(Particulates, < 10 um, Steel BOS prod.) --
{PAH, polycyclic aromatic hydrocarbons, Steel BOS prod.) *_
(Nitrogen oxides, Steel BOS prod.) -_
(Sulfur dioxide, Steel BOS prod.) -_
(Particulates, < 2.5 um, Steel BOS prod.) -—
(€02, steel 50s proc.) -

0 10 20 30 40
% of contribution to welfare impacts

Figure 6: welfare impacts of steel production in Spain according to Exiobase 3.3.16b2 ; Stepwise endpoint
indicators.

Economic There is no literature on the LCC of steel using a consistent account but we can get first estimates
from the values in Exiobagderciai and Schmidt 2018 he results indicate that purates of inputs and

wages are major costsidure 7). It is to be noted that iLCC dcesnot include expenses in capital goods,
which are internalised (i.e. integrateiod pur chases of inputs) for this
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Figure 7: % of costs of steel according to Exiobase 3.3.16b2

Another estimate can be taken from a cost model of EAF produ@imelonthenet 2020)These model
estimate steel scrap alone is the largest cost (65%), followed by electricity (12%) and electrodes (5%). Capital
costs represent about 4% of costs and labour onlyA39RC study analysed costs of EAF production costs
(excluding capital goods), and also points in the direction of costs being dominated by scrap purchases, with
alow contribution of wages to total cogtdoya 2016) This divergencasuggestshe needor using primary

data to validate the cost of steelmaking. Acamgdo Sidenor, not only scrap but also cost of ferroalloys,
refractories and electrodes are important. Labour working directly in the productiesnivieas important,

but costs increase when labour requirements for ancillary services (e.g. accaatgimngic) are considered.
Overall,data suggest that changes in scrap utilization efficiency can have a major impact on the economics
of steel production.

Sociat social LCA is a relatively new field. Most of the methods require the selection of ldagpfis

indicators. Instead in the HyperCOG projest will use a streamlined yetomprehensiveprocedure

(Weidema 2018hat has already been used in other H2020 préjectsnese steelmaking is likely to be the

marginal suppliérof steel, with very different governance and labour costs. Therefore, if automation expands
production capacity, increasing the market sharé &ur opeanodo steel, soci al i mpa
substantial.

2.3. Case study and planned intervention

The case study for this study is a production | ine |
This steelmaking shop uses EAF, to produtletb and blooms and has a current capacity of about 1 million

tons of steel per year. Only the production of billets is expected to be affected by thploydieal system.

Unlike other plants producing generic steel, the plant in Basauri producealdgpes of specialty steel,

complexifying the logistics of the plant, but increasing the valiged of the products.

In the current plant furnace slag and ladle slag is mixed and treated for metal recovery. The treated slag is
sold to be used as an aggagée in construction. Wasted metal is mixed is reprocessed together with the
purchased metal scrap.

The scheduling of the heats is done by humans based on past exparidnbeuristics Most of the
improvements are expected to take place in this asppobduction.

The Hype€COG project aims to optimise the scheduling of the plant, implementing a ladle tracking system,
which will use thermal imagery and machine learning to do predictive maintenance of the ladles and use
optimization algorithms to bettgtan the sequences.

It is expected that optimised scheduling increases the yield of dgeé to semproduct, reducing wastes.

Waste is often measured as the % of liquid steel that does not become valid solid steebabdtwaaen

products Waste mcreasesvhendifferent types of steel are produced. Steel waste in the current prodaction
around 56% (including the waste generated by mixed sequences), and wastes are expected to be reduced by
20%. The reduction of waste will consequently reducestivironmental impact per kg of finalised product,

as fewer additives and less energy will be needed, and capital equipment will be used more effectively. The

4 http://www.hindcon3d.com/

5 Marginal supplier is the supplier that responds to changes in dematdg://consequential
Ica.org/clca/marginasuppliers))
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improvements in ladle maintenance will expand the lifetime of the ladles, reducing the amedrstaddiry
lining required.

Slag from the plant in Basauri will be characterised using hyperspectral cameras by the project partner
Tecnalia Blockchain technology will be used to encode the slag properties to facilitate traceability. It is
expected that better characterisation would facilitate its valorisation as a substitute for clinker. The effects

of reduced clinker production can be assessed using insights from the Cimsa case study that is part of the
HyperCOG project.

2.4. Goal and scope

2.4.1. Goal
The goal ofthis study is to assess the environmental, economic and social effects of the implementation of
CPS systems on the production |Iine of Sidenoroés pl a

2.4.2. Scope

System model (allocation)

LCA studies are broadly divided between studies that model the effect of changes in production systems
(consequential LCA CLCA) and studies that aim to produce a snapshot of current practices and attribute
burdens using normative allocation (attributibh&£A). Since this study aims to assess the effects of
implementing CPS systems in steel production, CLCA is the correct methodological approach. For instance,
changes in the demand for electricity for arc furnace will affect marginal suppliers of élgcic the
supplier(s) that will be affected if electricity demand is reduced.

CLCA typically assess lonterm effectdEkvall and Weidema 2004 pecial attention will be required for
the scrap marketlf scrap is fully utilized, its supply is constrained and increases in the gigghldemand

can only be met by basic ygen steelmaking (BOS). Conversely, a reduction in the use of scrap will allow
more production using arc furnaces, displacing BOS steelmaking.

The production line manufactures different steel products with different requirements. To avoid the
complexity ofdetermining which inputs were used for which steel type, the technique knosystem
expansioris used, using asfunctional unit a basket of products. See sections of functional unit and system
boundaries for details.

Functional unit

The productioine manufactures different grades of steel, affecting the scheduling of the plant. Therefore,
the functional unit should include a representative basket of steel products at factory gate. The type of steel
grades vdesover time ashemarket evolves. Bithe types of steel produced before and after the intervention

are expected to be comparable. The line produces steel blooms and billets, but only the production of steel
billets is expected to be affected by the changes in the plant. The intervealEméspected to increase the
capacity of the production line. thereforié is proposed to compare the steel production during a
representative period of time (e.g. 1 month) before and after the intervention. The reference flow will be 1
ton of finalisedsemiproduct.

The % of plant capacity during the study period wil
they are comparable. Otherwjsbe effects on capacity could be obscured by the level of demand in the
particular period when measuments are taken.

System boundaries

The system boundary should include all the processes potentially affected by the introduction of, the CPS
from manufacturing to waste dispasa@he inclusion of the CPS system is expected to affect the operation of

the ine in several ways. The improved schedule of the sequences should reduce the ratio between steel waste
and valid solid steel, producing more finalised spnaiduct per tonne of scrap. This will result in an overall
reduction of material and energy inpuasd more efficient use of existing capital equipment. Additionally,

the predictive maintenance system is expected to reduce the amount of refractory used in the relining of the
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ladles. The improved characterisation of slag can be modelled as a highatipropf clicker production
displaced and less slag disposed of.

Steel production by arc furnace and basic oxygen steelmaking (BOS) are considered interchangeable and

changes in the plant are not expected to affect the global demand for steel. Furtheteebrecrap is
considered a constrained resource, meaning that if one plant uses it otheradrinete is a limited supply

of scrap If the changes in the Basauri plamireasesteel production, the additional production with respect
to the baseline will bassumedo displace BOS production. If the overall consumption of scrap changes (e.g.
S ¢ r a-urnace prdudiien dispkacing e t
BOS production. Consequently, a generic process of BOS arfdrasce steel making are needed. The

decreases)

t h

e fiexcesso

production systeris illustrated inFigure 8.
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Figure 8: steel production system. Boxes represent activities/processes and arrows represent products. Dotted boxes

represent displaced producers.

The CPS is not expected to affect the use or disposal of steel products. Thevefstedy stops at factory

gate and do not analyse what the clients do with steel products.

Theexpectedconomic savings will result in more money available for consumption. We propose to measure
this reboundeffect assuming economic savingslustrywill result in larger househol@xpenditure, using
the average consumption 8Spaincitizens as groxy. The levels of consumption per citizen are present in

the database Exiobase.

Data requirements (LCI)

Assess the economic, social and environmental ezprences of the introduction of the CPS requires a

¥

A

considerable amount of data. Data collection needs to be done before and after the implementation of the
CPS technology, to understand the effects of the implementation.
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From the literature revieyit is clear that some inputs to the production process are more relevant than others
from the sustainability angl@.he most relevant processes are depicted iptbeuction systendiagram.
Among the most important are:

- Electricity use in AEF. Price and origin

- Type, quantities, and price of feedstock used (steel scrap and pig iron).
- Quantity and cost of electrodes

- Refractory used for reling ladles

- Personnel costs

- Costs of the most expensive capital goods

- Quantity and price of ladle and furnace slag preduc

- Bill of materials cost and electricity use of CPS system

These will need to be collected from the plant operatioitases where certain data is very sensitive, like
the price of electricity, a reference price may be used, although that would cdenghiea correct
interpretation of results.

We propose to use data that is already collected for other purposes as much as possible, particularly the data
that is part of the monitoring system, that may eventually allow and streamlined continuous calculation of
key perfor manc e ngifacdyctedhinlong. 9o thelkeRdntdhat)infoumation is available, we
propose to gather average, minimum and maximum values, as that would allow an uncertainty analysis,
increasing the robustness of the conclusions.

For all the processes outside thenplar of less relevan¢genericdatafrom background LCA databasean
be used. These will bedapted to improve their accuradgpending on their contribution to LCSA scores
These include all the processetated to other industries outside the plamist notably

- Electricity production

- Pigiron production

- Steel production by BOS

- Alternative EAF production
- Refractory manufacturing

- Metal recovery

We propose to use the database Exiolflarciai and Schmidt 2018; Merciai 2018)at 2:0 LCA has
extended to include social impacf@/eidema 2018)as the main background databasehe database
ecoinvent viWeidema et al. 2013jgn also be used to provide proxies of processes, but it lacks the economic
and sociatlata and its ge should be minimized. In the absence of primary data, activities in the background
database can be used as proxX@smtrary to ecoinvent, Exiobase has a free and-apeass version, which
would facilitate the integration of LCA indicators in the dayl&y operation of the plant.

Impact assessment methods (LCIA)

The study will assess the environmental, social and economic impacts, and methods are needed to translate
the data from the inventory (e.g. €@missions, Pis emissions) into LCA indicators.

The environmental assessment should focus on the areas thétéhigghest impact on human wellbeing.

We suggestisingthe impact method Stepwise, as it allows us to calculate the impact of wellbeing monetizing
environmental impaqWeidema et al. 2009An initial screening based on average steel production in Spain
suggests that greenhouse gas emissions (GHG) and respiratory inorganics should bexteasmafinoncern
(Figure 6).

As a sensitivity analysis, other methods such as ReCiPe (BLfifregts et al. 20179r Impact World +
(Bulle et al. 2019kan be used. The sensitivity analysis will give robustness to the results.

6 2.-0 LCA Consultats and Sidenor have already worked together in ladle refractory management in the
project ECO-LadleBrick, and irshouse knowledge will be used as much as possible.
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For the economicassessmenthe sum of the valuadded of all the activities in the production system
provides the life cycle cost (LCC) of the products. The social assessment uses a wellbeing metric using the
method proposed ifWeidema 2018)

Assumptions

The wasted steel that is recycled as scrap is assumed to have the same composition as the purchased scrap.

Even though wasted steel haadhadditives incorporated, these additives need to be added again after the
steel is melted in the furnace. Scrap is assumed to have a homogeneous composition. Different types of scrap
are used to produce different steel qualities. Steel production byraece and basic oxygen steelmaking
(BOS) are considered interchangeable and changes in the plant are not expected to affect tteajlobal
demand

Limitations

Unlike a theoretical case studyreal case is not a controlled experiment and variablesf ¢tlue control of

the project will affect the assessment. For instance, the types of steel produced wilirgaghoutthe
project. Thereforgthe product before and after the intervention will not be exactly the same. However, they
are expected to be broadly comparable.

To partially address the limitations of working with a real case instead of a planned experiment, some factors
can be controdld such as the price of electricity or the level of demand on a particular’p&itiede are not
determined by the intervention and change over time, thus the flows should be adjusted to make a fair
comparison. Other factors to be controlled are the prfceputs will also be controlled to do a fair
comparison.

Another limitation is that the study will not differentiate between the different speciality steels produced.
This is because we are more interested in the changesprottesgather than thempducts

”The COVID-19 pandemic is likely to affect the demand for steel in the studied periody ishikely to be
substantially different before and after the intervention, depending on how the pandemic evolves.
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3.Cimsa case study

Cimsa is the company representing the cement production caseGauimdgnt is used to produce concrete,
the most consumed manufactured substance on the pIEAe2018) It is also the thirdargest industrial
energy consumer, using 7% of total industrial energy(lis& 2018) Hence, even small improvements in
production can have important effects globally.

3.1. Desciption of cement production

Portland cement is made of limestone (calcium carbonate, §a@@®other materials such as clay and $and

After crushing and milling the mix is calcinated in the cement kiln releasingg€@e calcium carbonate

reacts tdform calcium silicates. Gypsum is added to the clinker and introduced in cement mills. A certain
proportion of clinker can be substituted by other
cement 0.

The temperature and humidity of the clinkeregimg in the mill are important because high temperatures

change the additive structure and difficult grinding. To reach the adequate conditions the clinker is
fifquenchedd (cooled with water). Adding tghaityof i ght am
the final product and the amount of free lime can be used to monitor the temperature and humidity, as it is
affected by these two factors. The clinker that is not of the adequate quality may be disposed or reintroduced

in the process, althoughdt can affect the quality of the final product.

A separator at the end of the cement mills ensures an adequate particle size of the final product. The particles
that are too coarse are sent back to the cement mill until they reach an adequate size.

White Portland cement is a variety of Portland cement with a high degree of whiteness. White Portland
cement requires a different combination of aggregates (e.g. kaolin), and usoallpr petroleum coke
(petcoke) is used as fuel. White Portland cement i€ ragpensive to manufacture and has a global market.

A Preliminary analysis of global trends shean upward demand for white Portland cemetyuge 9).

million tonnes
|_.|
o

3 year rolling average
—— annual value

2005 2010 2015 2020
Year

Figure 9: Global exports of white Portland cement (COMTRADE)

3.2. Literature review on the LCA of cement production

8 In White Portland cement the kaolin is used as clay, to minimise some transition elements that are present
in lower quality clay. Sand iadded as a source of Sj@nd is grinded separately to avoid contamination

from conventional grinding equipment.
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On the environmental side, cement production globally is responsible for 5% of anthropogenic global
warming emissiongBoesch and Hellweg 2010F0,eq emissions of grey Portland cement are around 1kg
COzeq/ kg. The overwhelming majority of the global warming (GW) emissions of cement arise during clinker
production, in the rotary kiln. The main sources of GHG are from fuel combustion anen@€3ons from
calcination of raw material@oesch and Hellweg 2010%upplychain emissions from fossdfiliel provision

are also relevant. By far the largest fuel consumer in the plant is the cement kiln. Raw mill grinding, cement
grinding and operating the kiln dominate elagstyiconsumptior{IEA 2018) There are no comparative LCA

of white Patland and grey Portland cement, but the impact of white Portland cement is likely to be higher,
given the more intensive use of coal and higher restrictions on the alternative fuels

In the absence of better information, datasets of cement production in the databases Exiobase and ecoinvent

can be used to guide the goal and scop8..ZCA Consultants develops the hybrid version of the database
ExiobasgMerciai 2019; Merciai and Schmidt 2018hich adds mass balances and social assessméms to

monetary version developed by the Exiobase consofitadler et al. 2018 Although Exiobase does not

contain inventories forwht e Portl and cement, the data for HfAcemen
approximation. A preliminary assessment using Exiobase 3.3.16b2 confirms that most of the global warming

impact originates in the cement plants, while a-negligible 20% oginate from inputs used in the plant

(Figure10).
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Figure 10: global warming emissions of cement manufacturing (TK). Exiobase 3.3.16b2

Global warming emissions are often considered the top priority but when we investigate the contribution to
wellbeing, respiratory inorganics appear to have a larger impact on wellbeing than global warming emissions
(Figure10). This can be explain by the high mortality due to respiratelated illnesses global§soriano

et al. 2020) Therefore, changes in particulate emissions should be actively considered during data collection.
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9 Gray Portland cement can use a diversity of fuels such as scrap tyres and plastic waste which are not an
option for White Portland cement.
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Figure 11: Damage to human health of Portland cement prod. (BR). Ecoinvent 3.6. The 5 largest contributors to
human health impacts.

To doublecheck, we performed an analysis of main pollutants contributing to human health damage on grey
Portland cement from Brazil using the database ecoinfFnirng12). Indeed combustion emissions during
calcination andparticulate matteemissions during coking, are the largest contributors to human health
impacts. In the Mersin plant, dugéneration within the plant is not expected to be affected (Vahit, pers.
Comm), and changes in particulate emissions will come mainly from changes in flue gas emissions.
Therefore, any improvements in fuel efficiency could have important effects on LC&ssmadparticulate

matter SOx and NOx emissions have to be considered together with CO

(clinker production, Particulates, < 2.5 um) --

(clinker production, Nitrogen oxides

-
(clinker preduction, Sulfur oxides) -_
-

Activity,Flow
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Figure 12: Damage to human health of Portland cement prod. (BR). Ecoinvent 3.6. The 5 largest contributors to
human health impacts.

With respects to costs, conventional life cycle costing (LCC) has not addressed thetakahblder
perspective inherent of life cycle thinking, and harmonization with LCA has only been recently proposed
(Moreau and Weidema 2015)herefore, the existing literature dmetLCC of cement is of limited use but

some insights from the database Exiobase can be deFRigde 13 shows the cost structure for cement
productionTurkey according to Exiobase. The figure divides between costs associat¢depitbvision of

inputs® and other types of costs. Most of the costs are associated with the provision of inputs, followed by
costs in wagéesd. Other sources point to investment costs (capital equipment) being the largest source of costs
(ETSAP 2010)thus at least the most expensive pieces of equipment should be considered in the assessment.
Cimsa estimates wages are about 8% of clinker costs, lowering the estimate of EXiopatenges in the
structure of these costs, and hewvplus is redistributed will affect the social impacts of CPS.

cost type
net taxes on purchases
operating surplus
other net taxes
wages

activity

Manufacture of cement, lime and plaster {TR} -

0 10 20 30 40 50 60 70
% of cost

Figure 13: value-added on cement production in Turkey - Exiobase 3.3.16b2

Social LCA is a new research field, with very few case stytliessdema 2018)The study uses a streamlined
method including the effects of income redistribution and productivity of missed governance which are very
country-specific(Weidema 2018)Results will be very dependent on how the increases in value spillover.

10 The calculation is done with Exiobase version 16b2, where costs of capital equipment are part of input

costs.
we simplify it into wages, but this category includes all the different monetary compensation to employees.
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If the CPS system increases fireduction of the plant, then other cement plants elsewhere will reduce their
production. Therefore, results will be very dependent on the international market for white Portland cement.
A preliminary analysis of cement production in Turkey suggestethptoyment hours at the cement factory
account for a large proportion of total employment hours required to produce cement. Therefore, changes in
the plant can have an important influence on the social impacts of cement production.

3.3. Case study and plannattervention

The HyperCOG project will analyse the effects of the third production in the cement plant in Mersin (Turkey).
The plant uses dry kiln and produces various types of cement. Cements are classified according to
specifications, the line produc€EM | 52,5R (Cimsa Super White ®) and CEM HIB42,5 R (Cimsa Eco

White ®). Cimsa Eco White is about 10% of the White Portland Cement production of tlentineis
produced with the same separator and. fiille line has a capacity of 2020 t/d&ymsa 2018and an average

annual production c8340000tons per year.

Figure 14: Cimsa cement plant under study (Mersin, Turkey)

The software SabanciDx is used to optimize plant operations, acting as a benchmark against the CPS solution.

The project will use hyperspectral cameras to monitor the whiteness of the free lime in clinker, an important
indicator of thehumidity and temperature of the clinker. These measures will help to optimise the amount of
water added during cooling, as well as the amount of fuel during calcination. A more reactive clinker requires
less energy for grinding, resulting in further enesgvings.

Expected effects: reduce by 7% fossil fuel consumption and by 5% associated GHGe. NOx emissions are
expected to be reduced by 6%. The improved control is expected to reduce by 5% clinker consumption.
Electricity use is also expected to feeluced. Production capacity is expected to be increased by 5%. It is
also expected to increase the profitability of the line by 27%.

3.4. Goal and scope
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