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[WBCSD] World Business Council for Sustainable Development
[SD] Sustainable Development

[ETS] Emission Trading System

[CSI] Cement Sustainability Initiative

[IPPC] Integrated Pollution Prevention and Control

[CCS] Carbon Capture and Storage

[CCU] Carbon Capture and Utilisation

[SWIP] Steel-Weighted Industrial Production
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[OHF] Open-Hearth Furnace

[BOF] Basic-Oxygen Furnace

[DRI] Direct Reduced Iron

[BF] Blast Furnace

[EAF] Electric-Arc Furnace

[GVA] Gross value added

[ULCOS] Ultra—Low Carbon dioxide (CO,) Steelmaking
[TGR BF] Top gas recycling blast furnace

[CICP] complex inorganic coloured pigments

[LPG] liquefied petroleum gas

[NG] natural gas

[CP] ceramic pigments

Disclaimer

This deliverable may be subject to final acceptance by the European Commission. The results of
these deliverables reflect only the author's view and the Commission is not responsible for any use
that may be made of the information it contains

Statement for open documents & Copyrights.

This document is property of the DESTINY Consortium. The content of all or parts of these
documents can be used and distributed provided that the DESTINY project and the document are
properly referenced.

CIAOTECH (PNO Consultants) and the DESTINY consortium are keen on ensuring that all information
in this document is correct and fairly stated but does not accept liability for any errors or omissions.

At the best of our knowledge, all third-party literary (articles/studies/reports/etc. or excerpts
thereof) or artistic (photos/graphs/drawings/etc.) used to support this document are correctly cited
and acknowledged. If the reader should find something not compliant, an additional courtesy
acknowledgement or correction can be made to this version thereof.

D6.1 Market Report Copyright © DESTINY Project Consortium 2018 ‘
—
This project has received funding from the European Union’s Horizon 2020 research and innovation DE‘I
programme under grant agreement No 820783. \ )

Page 7 / 84



1 SUMMARY

The present document constitutes Deliverable D6.1: “Market Report” in the framework of the DESTINY
project entitled “Development of an Efficient Microwave System for Material Transformation in energy
Intensive processes for an improved Yield”

WP6 envelopes all the activities related to market and stakeholders’ knowledge and their engagement during
and after the project. The final aim is ensuring a large exploitation and market penetration for microwave
technology-based plants and other relevant exploitable results from the project.

In general, WP6 will:

> Assess and define the relevant actors in the Value Chain and Market connected to DESTINY.

» Study the market and define possible business approaches enabled by the new DESTINY
technology.

> Bring on effective engagement of the identified stakeholders

» Build and monitor an effective dissemination and communication plan

» Support IPR and exploitation

The main specific objectives are:

» Study in detail the market, to find the best positioning for DESTINY’s innovative plant concepts (e.g.
mobile plants), in the cement, ceramic and steel sectors, to ensure the largest applicability of the
concepts beyond the project consortium

» Support the Development of breakthrough innovative business models based on an exploratory business
research and knowledge sharing and define a business plan for producers

» Defining and Building a Stakeholder community to engage and define the best communication and
dissemination actions

» Propose concrete exploitation and IPR management for technology developers to sell the solution
worldwide

> Assess sustainability aspects in terms of the life cycle energetic/environmental/economic and social
impacts

» Development of decision support schemes reflecting decision-making aspects of potential stakeholders.
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2 PROJECT INTRODUCTION

The DESTINY project aims to realize a functional, green and energy saving, scalable and replicable solution,
employing microwave energy for continuous material processing in energy intensive industries. The target is
to develop and demonstrate a new concept of firing granular feedstock for materials transformation using
full microwave heating as alternative and complement to the existing conventional production.

The DESTINY system is conceived as cellular kilns in mobile modular plant, with significant advantages in
terms of resource and energy efficiency, flexibility, replicability and scalability with reduced environmental
footprint.

The DESTINY concept will be proved in two demo sites located in Spain and Germany, covering high energy
demanding sectors of strategic interest as Ceramic (Pigments), Cement (Calcined clay) and Steel (Sinter, Iron
Pellets/ DRI, ZnO), to validate the critical parameters of the developed technology in relevant environment
(TRL 6). It will be implemented 2 feeding modules per demo site and 1 mobile microwave kiln module and
product treatment.

Influence of the DESTINY solutions in terms of stability, process efficiency and characteristics of raw
materials, intermediate/sub/final products will be investigated to improve performance of the industrial
processes addressed and guarantee the required quality of products. Numerical simulation tools will be used
to drive the design and support the testing activities.

The industrialization and sustainability of DESTINY high temperature microwave technology will be assessed
through the evaluation of relevant KPls, with Life Cycle Methodologies. With the final aim of ensuring a large
exploitation and market penetration for DESTINY, technology-based solutions business model, economic
viability and replicability analysis will be conducted. For guaranteeing industrial transferability appropriate
exploitation and dissemination activities have been defined during and even after the end of the project.

D6.1 Market Report Copyright © DESTINY Project Consortium 2018
S This project has received funding from the European Union’s Horizon 2020 research and innovation DE.Ngl
5 * programme under grant agreement No 820783. . f

Page 9/ 84



Development of an Efficient Microwave System for Material Transformation in energy INtensive processes for an improved Yield

—

3 OBJECTIVES OF THIS DELIVERABLE

The specific objectives for Task 6.1 within the DESTINY project are:

» Provide a first overview and support understanding of the potential market for DESTINY’s

» ldentify relevant value-chains and stakeholders

» Find relevant technology innovators, competing solutions, similar research and innovation trends
» Set up the base to study new business models and developments for DESTINY technology

As explained in the next Chapter, in this document the approach is to provide a first necessary step to build
a seamless set of analyses and support the partners in analysing a complex framework while proceeding with
the R&D developments.

STUDY OBIJECTIVES OF THIS REPORT ARE

1) To Analyse and predict the size of the global and European cement/steel/ceramic markets in terms of

value and volume, supply and demand

Identification of the key countries and players according to standard economic indicators (e.g.
production, consumption, supply and demand, turnover and value added, jobs etc...)

Analysis of relevant technologies, production processes, standards and limits (e.g. BAT — Best Available
Techniques) in terms of performances and environmental KPls

Assessment of the connected value-chains

Analysis of externalities such as socio-environmental impacts

Definition and collection of data about most known future innovation trends
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4 CONNECTION TO OTHER TASKS

The market analysis performed and reported in this document is the first step in a series that will support

DESTINY consortium in assessing, developing, connecting and bridging the gap to the market of the
developed technologies and Key Exploitable Results developed during the project.

This objective will be supported by desktop studies, knowledge-based intelligence and live-action
engagement of relevant identified stakeholders.

This first report is intended to be a compendium which relates in a one-stop-shop all the information about
the 3 industries primary affected by DESTINY technology and represented within the consortium.

These data are intended to work as a base to:

e Brainstorm along with the partners and engage them in reflections (via interviews, calls or dedicated
face-to-face meetings) about business relevance, project impacts and SWOT - Strengths,
Weaknesses, Opportunities and Threats, in advance during the project, in order to pursue a better
exploitation

e Assess the most affected value-chain branches (already clear or hidden) that could be interested or
impacted by DESTINY technology, leading to revised and detailed business-cases

o Define the serviceable market from which defining the business potential of the project results and
the project business plan (based on the business cases)

e Understand the innovation trends as a first base for a technology-based stakeholder analysis

e Be sure to include the regulatory and technological standard reference values and framework to be
considered during the project

e Set the right background to think about where business model innovation can be needed the most
and support the innovation of standard business models in the 3 target sectors

e Identify the relevant stakeholders and engage them to support the project exploitation with
interviews and participation to project events, while also supporting the IPR strategy of the partners

Such activities and objectives represent the connection with tasks/subtasks 6.2, 6.3.2, 6.4 and 6.5 and also
connect to WP7 via subtask 6.2.3

Value-chai ;

Market \ . ;“;j ¢ "”‘I . \ Continuous Update
Analysis Assessment reiehelder analyss Assessment of Exploitation
Based on Initial With partners Business Models With Externals P
Information review and analysis Strategy

* Initial + Analysis of economic * Most Impacted Value- + Stakeholder Analysis + Interviews for + Review of « Business Plan
imformation and innovation trends, Chain branches including technology validation and market + Exploitation
available value-chains, * Possible Impact on innovators, IP, regulation and interests analysis based Strategy
from the technological and business models standardization frameworks * Invitation to on project
project socio-environmental + Competitions landscape * Business Model Review and events and KERs

impact frameworks Innovation Analysis contacts

Figure A. Overview of the exploitation activities
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5 DESTINY MARKET ANALYSIS

5.1 METHODOLOGY

The study to estimate the current size of the cement, steel and ceramic/pigment markets related to
DESTINY is divided into extensive secondary research conducted to gather the necessary
information, followed by robust analysis for the verification and extension of the available data.

Several sources have been used in the secondary research process, such as Cerame-Unie European
Association of the Ceramic Industry, Cembureau European Association of the Cement Industry, The
World Steel Association, The World Business Council for Sustainable Development, Global Cement
& Concrete Association, scientific articles, annual reports, press releases, regulatory bodies
documents and related databases.

For all the market projections two or more sources have been used in order to report an educated
average value and have a constant data-check. This criterion has also been adopted when direct
data was missing or had to be extended.

In order to complete the overall analysis process, data triangulation (e.g. by studying various factors
and trends on both the supply and demand side) and market breakdown procedures were employed
where applicable.

The innovation trends were also approached, considering mostly known technologies which can
already be spotted on the web, general purpose articles and in technical press. A thorough
verification and further deep-dive will be completed by observing funded R&D project and IP
databases in the stakeholder analysis to come.

5.1.1 Scope of the report

Report Metric Details Report Metric Details
Years considered for the study 2018-2024 Years considered for the study 2015-2019
Base year 2018 Base year 2017
Forecast period 2018-2030 Forecast period 2016-2035
Units considered Value (Dollar- Euro) Volume (5q.m) Units considered Volume (tonne)
Segments Ceramic and Pigments Segments Steel
Regions World and Europe Regions World and Europe
Report Metric Details
Years considered for the study 2016-2025
Base year 2016
Forecast period 2016-2035
Units considered Value (Dollar- Euro) Volume (tonne)
Segments Cement
Regions World and Europe
D6.1 Market Report Copyright © DESTINY Project Consortium 2018
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5.2 CEMENT SECTOR MARKET ANALYSIS

5.2.1 CEMENT Demand and Supply Analysis

Cement and concrete sectors face a considerable challenge: how to increase production to help roll out

infrastructure services and structural while also achieving emissions reductions in line with global targets.

Cement manufacturing is a huge part of global emissions: the chemical and thermal combustion processes
involved in the production of cement are a major source of CO,, contributing around 8% of annual global
release. Despite this, a substantial expansion of construction market is needed to meet the SDGs (Sustainable
Development Goals), as expanding access to clean water and energy depends on replacing old and building
new infrastructure.

The Global Commission on the Economy and Climate estimates that USD 90 trillion will be invested in
infrastructure through to 2030, and that two-thirds of this investment will be in developing countries.

It also projects that, if developing countries expand their infrastructure to current average global levels, the
production of the required materials alone will cumulatively emit 470 Gt of CO; by 2050.

Against this scenario, greenhouse gas emissions need to fall by around half by 2030 to meet the Paris
Agreement goal of keeping global warming to well below 2°C above pre-industrial levels, and to pursue
efforts to limit the temperature increase even further to 1.5°C. So, carbon-neutral or carbon-negative
construction would be required everywhere from 2030 onwards, which implies the need to rapidly scale up
the use of building materials with zero or negative emissions in the next decade.!

5.2.1.1 Global CEMENT Market Demand

Cement is an inorganic binder and finely ground powder which when mixed with water show a reaction of
hydration and forms a paste that sets and hardens. Cement is used as binder in combination with aggregates
and water to form mortar and concrete. Every year, more than 4 billion tonnes of cement are produced,
and this data is expected to grow, towed by emerging markets. Indeed, while China’s cement production, a

Ihttps://reader.chathamhouse.org/making-concrete-change-innovation-low-carbon-cement-and-
concreteftintroduction
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key driver of the market in recent years, may have reached its peak, urbanization in other industrializing
countries such as India and Indonesia is likely to keep on boosting global demand. Some estimates project a
threefold to fourfold increase in demand from developing countries in Asia by 2050.

Market forecasts show that the global size of the cement market is estimated to grow from almost 5 billion
tonnes in 2020 up to 7.42 tonnes in 2035.%3 It was valued at USD 355.6 billion in 2016 and it is expected to

register a CAGR of 7.8% from 2017 to 2025.* One of the major factors driving the growth of the cement
market is the revival of the construction industry in the commercial, residential and infrastructural projects.

Global Cement Market (tonnes)
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Figure 1.Global Cement Market (tonnes), average calculated from multiple sources

Currently, in most cases the cement industry produces more than what is consumed>® (see figure below) and
this changes with geography. For example, in Europe in 2015, 167 million tonnes were produced but 123
tonnes were consumed, which means that production has exceeded the demand by 26% and this
undoubtedly entails an economic loss for the sector: countries like the United States, Australia, and Saudi
Arabia have instead shown a higher consumption (even if not excessive) to that produced.

2 https://www.imarcgroup.com/cement-manufacturing-plant

3 Source: “Market Analysis in Destiny proposal

4 https://www.grandviewresearch.com/industry-analysis/cement-market
Shttps://www.aitecweb.com/Portals/1/Repository/Pubblico/Area%20Economica/Pubblicazioni%20AITEC/Rapporto A
nnuale 2017.pdf?ver=2018-06-26-151502-207

6 https://cembureau.eu/cement-101/key-facts-figures/
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Figure 2. Global Cement Market (Dollars)

=

World Cement Productlon & Consumptlon (2015)

[ ] Cement Consumption (Billion tonnes)

[B# Cement Production (Billion tonnes)

Figure 3.World Cement Production and Consumption
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Table 1. World cement consumption and production

CHINA 2255 2350 -4

INDIA 244 270 -10
EU28 123 167 -26
USA 100 83 +20
TURKEY 66 71 -7

INDONESIA 60 65 -7

SAUDI ARABIA 66 55 +21
BRAZIL 64 72 -11
RUSSIAN FEDERATION 60 69 -13
MEXICO 37 40 -8

SOUTH AFRICA 12.5 14 -11
CANADA 9.5 12 -25
ARGENTINA 10 12 -12
AUSTRALIA 12 9 +32

5.2.1.2 Europe CEMENT Market Demand

Concrete is the second most consumed material in the world after water. It is no wonder then that the
CEMENT INDUSTRY corresponded in 2016 to about 1.9% of the EU 28 GDP. Demand for cement is almost
exclusively dependent on activity in the construction sector, either directly through the supply of
‘downstream’ cement products such as concrete (ready-mixed and pre-cast), mortars and other hydraulic
binders.

The European cement market is estimated to reach USD 4,411 million, registering a CAGR of 4.6% from 2018

to 2035. Moreover, the Western European region is expected to dominate the European market, registering
a CAGR of 4.9% from 2018 to 2035, with higher production capacity than consumption.

Europe Cement Market
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Figure 4. Europe Cement Market (Dollars)

7 https://www.alliedmarketresearch.com/press-release/europe-fiber-cement-market.html|
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The diagram below shows the production capacity of all cement plants in Europe compared to actual demand
and projected up to 2025 with a CAGR of 2%8. As can be seen, there is a strong imbalance between the two
figures, which means that the capacity is higher than the actual market demand.

Cement Supply/demand balance of the coastal
Mediterranean European market
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Figure 5. Cement Supply/Demand balance Europe

In Europe between 2015 and 2016 there was a change in cement consumption, the table below shows only
the main cement producing countries with the values of tons produced. Only Italy and England show a
decrease in production, the first by 2.3 million tonnes, the second by almost one million tonnes. In the
following figure, the arrows indicate whether there has been an increase or decrease in consumption.’

Table 2. Cement consumption in Europe

Country 2015 (tons) 2016 (tons)
Austria 2,760,000 2,810,000
France 11,800,000 11,900,000
Germany 22,400,000 22,700,000
Italy 13,900,000 11,600,000
Poland 11,600,000 12,000,000
Spain 12,400,000 12,400,000
United Kingdon 7,800,000 6,850,000

8 Source: WORLD CEMENT Manufacturing in the Mediterranean
% http://www.wbcsdcement.org/GNR-2016/index.html
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Evolution of Cement Consumption in Europe variation 2015/2016

Figure 6. Cement consumption EU

EU28 cement — quantity of sold and production 2003-2016
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20032004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
s EUrostat Total cement (sold) 231 233 239 258 268 256 205 192 197 176 164 164 162 163
e Cembereau Total cement (sold) 235 244 | 251 268 274 255 206 | 194 196 173 166 167 167

e (S| Total Cement (sold) 241 256 260 241 | 196 186 190 163 155 157 157
==« (SlTotal production 177 183 191 178 144 142 | 140 | 126 122 125 125
== « FEurostat Total production 99 102|106 95 95 98 105 111
== « (Cembureau Total production 269 251 209 | 192 192 173 167 167 | 167 | 169

Figure 7. Comparison of cement production and sales data from different sources
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5.2.2 CEMENT Industry Key Players

The data provided by Cembureau from 2001 to 2016 (European Cement Association) on cement production,
identify China as the world's largest producer by far, with 68%: more than half of the world's cement,

followed by India with 8% (5 time less) and Europe with almost 5% (12 time less). In Europe, Germany leads
the largest cement production, remaining stable in the analysed reference years, followed by Italy with 25%
and France with 20.6%.

The following table shows the figures expressed in millions of tonnes in different countries, while in the two

following pie charts their percentages are well visible.

Table 3. Cement production in the world

2001 2008 2009 | 2010 2011 2012 2013 2014 2015 2016
CHINA 661 1338.4 1664 | 1881.9 2063.2 2137 2420 2480 2350 2410
INDIA 102.9 | 185 205 220 240 270 280 260 270 290
EU28 255.6 | 250.8 209 192.1 191.6 172.6 | 166.6 | 166.8 | 167.2 | 169.1
USA 88.9 86.3 63.9 65.2 68.6 74.9 77.4 83 83.4 85.9
TURKEY 30 514 54 62.7 63.4 63.9 72.7 71.2 71.4 75.4
INDONESIA 311 38.8 36.9 39.5 45.2 32 56 65 65 63
SAUDI ARABIA | 20 374 37.8 42.5 48 50 57 55 55 61
BRAZIL 394 51.6 51.7 59.1 63 68.8 70 72 72 60
EIEJ;:::‘ANI'ION 28.7 53.5 44.3 50.4 56.1 53 72 68.4 69 56
JAPAN 79.5 67.6 59.6 56.6 56.4 51.3 57.4 53.8 55 56
SOUTH KOREA | 52 51.7 50.1 47.4 48.2 48 47.3 63.2 63 55
MEXICO 33.2 37.1 35.1 34.5 354 354 34.6 35 39.8 40.8
GERMANY 321 33.6 304 29.9 33.5 324 315 321 311 32.7
ITALY 39.8 43 36.3 34.4 33.1 26.2 23.1 21.4 20.8 19.3
FRANCE 19.01 | 21.2 18.1 18 19.04 18 17.5 16.4 15.6 15.9
SOUTH AFRICA | 8.4 13.4 11.8 10.9 11.2 13.8 14.9 13.8 14 13.6
CANADA 12.1 13.7 11 12.4 12 125 12.1 12.8 12.5 11.9
ARGENTINA 5.5 9.7 9.4 10.4 11.6 10.7 11.9 11.8 12.2 10.9
EINNZED%M 11.9 10.5 7.8 7.9 8.5 7.9 8.5 9.3 9.6 9.4
AUSTRALIA 6.8 9.4 9.2 8.3 8.6 8.8 8.6 9.3 9.3 9.4

Focussing on EU, between 2015 and 2016 France had a demand increase, while Italy a decrease in both
consumption and production: figures halved in 15 years (40 to 20 million tons from 2001 to 2016 with more
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evident changes in 2009 and 2012). As far as England is concerned, the data are not optimistic because both
consumption and production do not suggest a growing development of the cement industry.

SAUDI ARABIA WORLD CEMENT PRODUCTION
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Figure 8. World cement production
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Figure 9. Europe cement relative production between the main producers
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5.2.2.2 Key producers
There are ~270 cement production plants in the EU and the sector employs 47,000 people directly.!® The

sector currently aims to build an increasingly consolidated industry at European level, as the main companies
develop diversified geographic portfolios as a way of limiting risks and increasing their potential for growth.

As raising the price is not a feasible strategy because cement is perceived as a commodity, the strategies of
the large players present in Europe (LafargeHolcim, the HeidelbergCement Group, CEMEX, Buzzi Unicem)
include cost leadership (systematic and rigorous management of costs, sharing and implementing best
practices and a continuous improvement of operational performance), commercial transformation
(anticipating the needs of customers, early involvement in projects etc.) and the standardisation of processes
(business processes, technology, and organisational structure across all countries). Mergers and acquisitions
between the largest companies (e.g. merger of Lafarge and Holcim, HeidelbergCement’s acquisition of
Italcementi) form part of a continuous trend.

The main key players in the cement market are!!:

Table 4. Main key players market share

Share of Key Players (%)

CNBM 20,2%
Lafarge-Holcime 16,8%
Anhui Conch 13,4% 590 4% 'EW . CNEM
Jidong Development 10,0% 6% . m Lafarge-Holcime
Heidelberg Cement 8,8% 7% . j‘”_‘gh”i CS’“CT .
; ® Jidong Developmen
Shanshui 7,8% ; . = Heidelberg Cement
0 ° i
Cemex 6,8% - 179 " i:?s:m
China Resources 5,8% ) .
9% ' China Resources
Taiwan Cement 4,8% v:k ’ Taiwan Cement
Aditya Birla Group 3,8% wo/d 14%

Figure 10. Main world key players

One of the largest cement companies in the world, Germany's Heidelberg Cement AG generated around 20,7
billion euros in revenue in the 2017.12

Revenue cement manufacturers worldwide (2017)

Buzzin Unicem
Ultratech

Anhui Conch
Cemex

CNBM
HeidelbergCement
CRH

Lafarge- Holcim

5 10 15 20 25 30 35
Revenuein billion U.S. dollars

[=]

Figure 11. Revenue cement main manufacturers

10 7ep report, CO2 Capture and Storage (CCS) in energy-intensive industries, 2013
11 http://industryreports.over-blog.com/2017/03/global-cement-market
12 https://www.statista.com/statistics/268048/major-cement-manufacturers-worldwide-based-on-revenue/
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Despite a consolidated ownership pattern within the European industry, the continued presence of smaller
local/regional companies implies that differences exist in industry structures at national level.

Moreover, due to the low value-to-weight ratio of cement, cement is usually supplied within a close
geographical proximity to location of production, typically within a maximum radius of 150 to 250 km.
Consequently, cement markets are local and geographically segmented, with competition occurring at a
local/regional level. Thus, increased concentration at a European level may not directly result in changes in
competition conditions at a local/regional level.

Furthermore, regulations on competition, including those from the European Commission, aimed at
protecting cement customers from the negative effects of high concentration and preserving competitive
markets, limiting the possibilities for more horizontal integration®3.

Holding company
Buzzl

Cementir
Cementos-Portiand
Cemex

1 Cimpor

Colacem

CRH
HeldelbergCement
Holcim

ltalcementi

Lafarge

Other

Saccl

Schwenk

Size of company by number of plants
Six largest
Large companies
Three or less plants

Figure 12. Geographical distribution of cement plants in Europe by holding company

Bhttps://www.wifo.ac.at/jart/prj3/wifo/resources/person_dokument/person dokument.jart?publikationsid=61003&
mime_type=application/pdf
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5.2.3 CEMENT Industry Sector Descritpion:

5.2.3.1 Employment & global turnover

The Cement Industry contributes significantly to the European economy. According to some sources, it is the
second most consumed substance on Earth (after water).

In 2015, the most recent year of available comparative data, the cement manufacturing industry in the EU

represented an estimated €15 billion turnover and €4.8 billion in value added and offers employment to 47
thousand persons in the EU in ca. 300 enterprises.

Indirectly, according to a 2015 study by Le BIPE for the Concrete Initiative, the combined cement and concrete
industry generates a total value added of € 56bn in the EU-28 and generates over 1.1 million jobs.

Employment (EU28) Turnover (EU28)
70 30
60 o5
50
=
0 o 15
E 30 %
F 20 10
10 2
0 0
2008 2009 2010 2011 2012 2013 2014 2015 2008 2009 2010 2011 2012 2013 2014 2015

Figure 12. Turnover & Employment

5.2.3.2 Value-Chain

In this section the supply-chain of cement is described starting from the standard production process; its

decomposition is useful to analyse relevant topics and criticalities and, further, to better assess DESTINY’s
impact.

Capital intensity: the cost of cement plants is usually above € 150M per million tonnes of annual capacity
(equivalent to around 3 years of turnover), with correspondingly high costs if modifications (e.g. retrofits)
are explored. This ranks the cement industry among the most capital-intensive industries.

Transport: land transportation costs are significant, that’s why there was a standard threshold beyond a 200
km or at most 300 km distance. In time, bulk shipping has changed that significantly, as now it is cheaper to
cross the Atlantic Ocean with 35,000 tonnes of cargo than to truck it 300 km.'*

Energy intensity & High Emissions: Each tonne of cement produced requires 60 to 130 kilogrammes of fuel
oil or its equivalent, depending on the cement type and the process used, and about 110 kWh of electricity.
Cement is indeed one of the largest emitting industries in the world (8% of CO, emissions). Remarkably,

14 https://www.coursehero.com/file/p2sfi5fu/An-industry-with-low-labour-intensity-With-the-development-of-

modern-automated/
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roughly half of these emissions come from the limestone heating process (direct emissions), while the
burning of fossil fuels to heat the kiln indirectly results in the remaining half of CO, emissions.

Figure 13. Cement plant overview (source: https://nikopicto.com/schneider-electric-1)

The figure below provides a simplified supply chain for cement, from upstream quarrying activities, through
cement production, the production of various cement-based downstream production activities and their
eventual use, mainly in the construction sector. Often companies integrate the process from quarrying to the
different types of cement and cement products and then supply directly the end-user construction sector.

Ready- mixed i
-~ concrete
Sunieee CONSTRUCTION
Transportation |CONCRE"[El . . é‘éﬁﬁ%‘ - -

Mortar, | 7
Blocks, Tiles

Figure 14. Value Chain

Quarring and
Transportation

concrate

CEMENT

Many, if not most, cement companies show a high degree of vertical integration and are consequently
involved throughout the supply chain. The majority of cement companies own the quarries. Some producers
also integrate downstream industries (i.e. concrete and aggregates). The extent of this downstream
integration varies by country. Vertical integration can be a decisive factor, especially in mature markets. This
allows companies to optimise their production process and to ensure high and consistent quality of their
products. For producers of white cement, a secure the supply of high-quality limestone is important. Also,
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the high level of capital expenditure required for production means that it is important to ensure that plants
have the enough supply of raw materials to remain operational for many years.

Table 5. Assessment factors

EFFICIENCY ACCEPTABILITY SUSTAINABILITY ISSUES

* Location * Project cost * Occupational Healty and Safety
sInnovation *Charging cost *Biodiversity and Rehabilitation
+Capacity ¢Integration *Noise pollution
¢Demand Changes #Defines the scope and budget #Dust Emission
*New competition #Strong link to suppliers #Reduction GHG and other Emissions,
*Price fluctuation *Timescales * Alternative fuels and Raw Material Use
#Supply fluctuations #Contract structures enforce hierarchies *Energy Efficiency,
*Energy changes and limit information sharing eReduction of Natural Resource Use
*Conservative nature of clients and s Litigious industry environment makes *\Water Use
practitioners pursuing novel products difficult +\Waste Disposal
*Training in use of alternative materials =Concerns over durability and associated *Road Traffic Intensity
e Fragmented supply chain and ineffective liability and reputational risk +Local Comunity Dialogue
integration of different actors early onin *Palicy and regulatory limitations to use of «Product Information
the planning process novel materials.

5.2.3.2.1 Process Routes

There are four main process routes for manufacturing cement: the dry process, the semi-dry process, the

semi-wet process and the wet process. As a matter of fact, the choice of the type is largely determined by
the state of the available raw materials (dry or wet).

The trend converges on dry processes. A large part of world clinker production is still based on wet processes.
However, in Europe, around 90% of production is based on dry processes thanks to the availability of dry
raw materials. Wet processes are more energy-consuming and, thus, more expensive. It can thus be argued
that plants using semi-dry processes are likely to switch to dry technologies whenever expansion or major
improvement is required, while plants using wet or semi-wet processes normally have access to only moist
raw materials.

All these process routes include the same three main activities that can be summarised as: (1) quarrying,
(2) preparing/grinding the raw materials, (3) producing the clinker and (4) grinding and blending the clinker
with other products to make cement: the biggest differences among processes lay in preparing and
grinding the raw materials.

Differently, all processes use rotary kilns for the third stage, despite there are big differences in those kilns:
the length of the wet-process kilns ranges from 120 to 180 m, with an internal diameter from around 4.5 to
7 m, whereas in the modern dry technology the length ranges are typically 45 to 75 m, with internal diameters
of 3.5t0 4.5 m.”®

Raw material quarrying - The main raw materials needed for the manufacture of cement are limestone and
clays, as well as other rocks of intermediate composition (e.g. slate, marls). Limestone provides the needed
calcium oxide mainly and some of the other components, while clays provide most of the silica, alumina
calcium and iron oxides. The raw materials are extracted from quarries which are mostly open-pit. The
cement plants are most usually situated close to the limestone. After extraction, the raw materials are

15 http://publications.jrc.ec.europa.eu/repository/bitstream/JRC59826/reqno _jrc59826 as published jrc59826 jrc-

2010-energy efficiency and co2 emissions prospective scenarios for the ce%5B1%5D.pdf
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crushed, pre-homogenized, ground and proportioned so that the resulting mixture has the desired fineness
and chemical composition to be fed in the cement kiln. The power consumption for crushing can range

between 0.4 and 1.0 kWh/t of raw material.
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Figure 15. Cement production process

Raw material preparation - After the primary and secondary size reduction, the raw materials are further
reduced in size by grinding. There are a variety of grinding technologies used, e.g. ball mills, roller mills and
roller presses. The grinding process differs with the type of the kiln used for clinker production. When dry
kilns are used, the raw materials are ground into a flowable powder. The typical moisture content of the feed
kiln is about 0.5%. When the raw materials have high moisture content (more than 20%) wet kilns are used
in clinker production. In the wet process, the raw materials are ground with the addition of water in ball mills
to produce a slurry typically containing 36% water. Raw material grinding is electricity intensive and can

consume 9-32 kWh/t raw.

Clinker burning (pyro-processing) - Clinker production is the
most energy-intensive step in cement production, accounting
for more than 90% of the total energy use and all the fuel use.
Clinker is produced by pyro-processing in cement kilns. Cement
kilns evaporate the water present in the raw meal, calcine the
carbonate, and lastly, form cement minerals (clinker). The
produced clinker is then cooled down in coolers. Clinker is
produced with the wet or the dry process. The dry process has

Figure 16. Preheat/Precalciner kiln type (source
www.cementkilns.co.uk) !

fuel i

fuel
clinker ki
cooler

lower energy requirements than the wet process due to the lower evaporation needs.
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To increase the waste heat recovery and thus the overall energy efficiency, dry kilns are equipped with
preheater tower systems. The more preheater stages the less energy is consumed, especially when the
process is wetter. More recently, the precalciner technology has been developed in which a second
combustion chamber is added between the kiln and the pre-heater system that allows for further increased
efficiency: the most efficient pre-heater, pre-calciner kilns use approximately 2.9 GJ/t clinker.

Cement grinding - To produce Portland cement, the cooled cement clinker is ground together with additions
(3-5% gypsum to control the setting properties of the cement) in ball mills, ball mills in combination with
roller presses, roller mills, or roller presses (Alsop and Post, 1995). To produce blended cements, cement
clinker is ground along with other additives, such as granulated blast furnace slag (GBFS), fly ash, natural or
artificial pozzolanas and limestone. In some cases, these additives need to be dried first. The electricity use
for cement grinding depends on the surface area required for the final product and the additives used.
Electricity use for raw meal and finish grinding depends strongly on the hardness of the material (limestone,
clinker, pozzolana extenders) and the desired fineness of the cement as well as the number of additives. Blast
furnace slags are harder to grind and hence use more grinding power. The final product, finished cement is
then stored in silos, tested and filled into bags, or shipped in bulk on bulk cement trucks, railcars, barges or
ships.

Electricity is also consumed for conveyor belts and packing of cement, but the total consumption for these
purposes is generally low?®,

5.2.3.2.2 Cementtypes

Since 1993, the classification of cements has been unified at European level according to the UNI EN 197-1

standard, which establishes compositional and strength requirements.

The products of the family of common cements covered by EN/197-1 are grouped into 5 main types, 27
subtypes and 6 classes of resistance, for a total of 162 (27 x 6) possible types of cement with different
characteristics.

Table 6. Type of cement

Type | (CEM 1) Portland Cement >95% clinker

Type Il (CEM 1) Portland Composite Cements | 65-94% clinker, and 6-35% other constituents

Type Il (CEM IIl) | Blast furnace cements 5-64% clinker, and 36-95% blast-furnace slag

45-89% clinker, and 11-55% of silica fume or, pozzolana or fly ash

Type IV (CEM IV) | Pozzolanic cements or 3 combination thereof

(20-64% clinker, and 18-50% blast-furnace slag, and 18-50%

TR BT V) Composite cement pozzolana or siliceous fly ash or a combination thereof

6 Source: ADVANCE “A Modelling Guide for the Cement Industry” 2016
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5.2.3.3 Used Technologies

At the core of the process there are rotary kilns. The first ones were long wet kilns, in which the whole

thermal process took place. Introducing the dry process, the optimisation led to techniques which allowed
drying, preheating and calcining to take place in a stationary installation rather than in the rotary kiln.

The rotary kiln consists of a steel tube with a length-to-diameter ratio of between 10:1 and 38:1. The tube is
supported by two to seven (or more) support stations, has an inclination of 2.5 to 4.5% and a drive rotates
the kiln about its axis at 0.5 to 5.0 revolutions per minute. The combination of the tube’s slope and rotation
causes material to be transported slowly along it. In order to withstand the very high peak temperatures, the
entire rotary kiln is lined with heat resistant bricks (refractories). All long and some short kilns are equipped
with internals (chains, crosses, lifters) to improve heat transfer.

The fuel introduced via the main burner produces the main flame with flame temperatures of around 2000°C.
For process optimisation reasons, the flame has to be adjustable within certain limits. In a modern indirectly
fired burner, the flame is shaped and adjusted by the primary air (10-15% of total combustion air).

Transient build-up of material can occur around the inner surface of the kiln depending on the process and
raw materials, etc. These are known as rings and can occur at the feed end (gypsum rings), near the sintering
zone (clinker rings) or at the product exit end (ash rings). The latter two types can break away suddenly and
cause a surge of hot, poor quality material to leave the kiln, which may then be reprocessed or have to be
rejected as waste. The cyclones and grates of preheater kilns may also be subject to the build-up of material
which can lead to blockages.

The table below summarizes the different types of kilns with their most important characteristics.’:181%.20

Their electricity demand is about 90 to 150 kWh/t of produced cement. In turn, Figure 17 from the World
Business Council for Sustainable Development (WBCSD) shows, the clinker production from 1990 to 2016 for
each type of kilns described?..

While the most used kiln is the Cyclone, there is also another type of kiln that has not been shown in the table
since it is less and less widespread because it has a production of only 300 tonnes/day and is defined vertical
kiln or shaft kiln. A few shaft kilns are used for cement production in Europe. Kilns of this type consist of a
refractory-lined, vertical cylinder 2—3 m in diameter and 8—10 m high.

Table 7. Kiln technical characteristics

Long rotary kiln 200m 2000°C 38/1 1885 Al 3600t/day | 4.60(dry)-5.86(wet) |  1.8(dry)-3.4(wet)
Pre-heater grill (Lepol) | <200m | 1000-1100°C | 10/1;17/1 1928 semi-dry | 3300 t/day 3.3 MJ/kg 2
Pre-heater in suspension
(Cyclone) <200 m 850° 13/1; 16;1 1930 Dry 3000 t/day 3.2-3.5MJ/kg 1.5

7http://publications.jrc.ec.europa.eu/repository/bitstream/JRC59826/reqno_jrc59826 as published jrc59826 jrc-
2010-energy_efficiency and co2 emissions __prospective_scenarios_for_the ce%5B1%5D.pdf

18 http://eippcb.jrc.ec.europa.eu/reference/BREF/CLM_30042013_DEF.pdf

1% https://www.cementequipment.org/home/kiln-and-cooler/types-rotary-kilns
2Ohttps://www.researchgate.net/figure/Specific-thermal-energy-consumption-in-different-kiln-process-

25 tbl2 257726716

2! http://www.wbcsdcement.org/GNR-2016/EU28/GNR-Indicator 8TGK-EU28.html|
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Total production volumes of clinker for different technologies
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Figure 17.Total production of clinker for different kilns

Technology Insight!7819:20

The long-wet process kiln, with a length to diameter ratio
(L/D) of up to 40, was the main clinker producing plant for
most of the 20th century. It is a relatively simple process,
with the main advantage of slurry preparation being the
eases of milling, handling, blending, storage, pumping, and
metering. It is also less prone to low level dust emission. In
wet process systems, the material preheat system is metal
chains hanging in the cold end of the kiln, which absorb heat
from gases and heat the material which flows over them. The
chain actually provides a greater surface area for contact
between hot gases and the material clinging to the chains.
The main problem with long wet kilns is their poor fuel

Figure 19. Long wet process kiln

efficiency, because of the water to be evaporated from the slurry. This became a severe problem only when the cost of
fuel escalated during the 1970s, and only a few wet kilns have been built since that time.

Long Dry Kilns Dimensionally, long dry kilns are similar to
long wet kilns. These kilns were developed and became
popular particularly in North America. Kiln production rates
for long dry kilns are marginally higher than long wet kilns.
Their advantage over wet kilns is a potentially improved fuel
consumption because the kiln feed is dry. However, kiln exit
temperatures of 700°C or more meant that water spray
cooling was required, and very little advantage was realized
over wet process.

At a later stage of development, kiln internals included kiln
chains (similar to wet kilns), kiln metallic crosses, and ceramic

Figure 18. Long Dry Kiln
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heat exchangers. The crosses and ceramic heat exchangers basically split the kiln into 3 or 4 cross-sectional areas over
about 15 to 20 m, splitting both the feed and gas flow, and providing improved heat transfer. With these enhancements,
the kiln gas exit temperatures were reduced to 350°C —400°C, specific fuel consumption improved some 30% and output
increased by 35% to 40% compared to wet kilns.

Pre-heater Kilns

The Lepol kiln was invented in 1928 by Otto Lellep and
marketed by Polysius, whose names combination led to
“Lepol.”

It was a major improvement in kiln thermal efficiency, some
50% over the popular wet kiln process at the time. The
technology reached the stage of 3000 tonne/day, with
specific fuel consumption of 3.3 MJ/kg (800 kcal/kg). These
kilns have a short rotary kiln section, L/D of 12 to 15, preceded
by a travelling grate covered by a 150 mm to 200 mm layer of
nodulized raw meal. The kiln exits gases at 1000°C or so pass
through this nodule layer providing preheat of material before it enters the rotary kiln at about 800°C. The gases exit
the grate section at around 100°C, implying very efficient recovery of heat. For some grate preheater kiln systems, the
kiln feed nodules experience two separate passes of the hot gases, the first for drying and the second for preheating
and partial calcination.

Figure 21. Lepol Kiln

Cyclone pre-heater kiln - the cyclone preheater was first
patented in 1934 in Czechoslovakia by an employee of F. L.
Smidth. However, the first preheater kiln was built and
commissioned in 1951 by KHD. This system utilizes cyclone
separators as the means for promoting heat exchange
between the hot kiln exit gases at 1000°C and the incoming
dry raw meal feed. Cyclone preheater kilns can have any
number of stages between 1 and 6, with increasing fuel
efficiency with more cyclone preheaters. The most common
is the 4-stage suspension preheater, where gases typically
leave the preheater system at around 350°C. The rotary kiln Figure 22 - cyclone preheater

is relatively short, with L/D typically 15. The material entering

the rotary kiln section is already at around 800°C and partly calcined (20% to 30%) with some of the clinkering reactions
already started. Cyclone preheater kiln. Material residence time in the preheater is in the order of 30 seconds and in
the kiln about 30 minutes. Preheater pressure drops range from 300 mm to 600 mm water, with gas duct velocities
typically 20 m/s in the preheater and cyclones?2.

2 https://www.slideshare.net/maxfactorstorm/111658903-kilnburningsystems
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5.2.4 CEMENT Industry Externalities (completing a PESTLE analysis)

5.2.4.1 Environmental and Societal Impacts

It is acknowledged that cement industry should combine financial performance with a commitment to social
responsibility, increasing its Sustainable Development (SD). The current SD profile of cement production can
be summarized as follows:

e Onthe one hand, cement production raises a number of sustainability concerns.
It consumes large amounts of energy and resources, emits dust and other pollutants, disturbs large
tracts of land during quarrying, and generates greenhouse gases.

e Onthe other hand, the cement industry contributes to society by providing one of the most relevant
commodities for infrastructure and multiple sectors.

A number of leading cement companies already have begun to demonstrate that they can improve their
business even through the integration of SD. For example, environmentally friendly practices, such as use of
wastes as raw materials and improvement in energy efficiency, can contribute to reduce operating costs,
while open engagement with local communities and other stakeholders to support better quality of life can
lead to improved company image and right to operate, which ultimately lead to strategic advantages.

As a summary, the cement industry situation is comparable to that of other industries that rely heavily on
resource extraction and energy consumption: despite many points of excellence, the sector is not yet fully
contributing toward sustainability in the regions where it operates. Further, while environmental
performance is in the spotlight, stakeholders have also expressed concern about social and economic
performances (for example, cement has recently had the exemption from ETS — Emission Trading System -
auctions to avoid the so called carbon leakage, namely the moving of production sites out of Europe ).

At a minimum, cement companies will need to address their vulnerabilities, but the cement industry has
some unique opportunities to capitalize on its strengths in the area of industrial ecology, which involves
exchanging resources with other industries to mutual benefit.

The following graphics summarizes the important issues confronting the cement industry. Eight key issues
have been identified, defining a PESTLE analysis, which represent the main areas in which the cement
industry can contribute to SD.?3

Bhttps://www.aitecweb.com/Portals/1/Repository/Pubblico/Area%20Tecnica/Pubblicazioni/Toward a Sustainable C
ement Industry.pdf?ver=2018-06-19-120110-210
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sFacilitate the practice of industrial ecology and eco-efficiency in the cement industr\)
Cement companies can build on current practice to reduce their resource consumption and
to increase the use of wastes as fuels or raw materials. Improvement will require

Resource | oy ploration of new partnerships, as well as research to characterize the risk and benefits of
Efficiency | jternative fuels and raw materials for the workers and the community. )
eEstablish corporate carbon management programs, set company specific and industry™\

wide medium-term CO, reduction targets, and initiate long-term process and product

innovation. The industry can establish a CO, emissions baseline and develop mechanisms to

. enable cost-effective reductions, including emission trading or offset schemes.
pr(':cliltr::ttizn Collaboration will be necessary to help develop government policies, product standards and

market practices that enable CO, reduction strategies, and to conduct pre-competitive
research and developmentof low-carbon products and process e

*Continuously improve and make more widespread use of emission control techniques
Cement companies can work toward uniform worldwide corporate environmental
standards, engage with policymakers to ensure consistent enforcement of environmental
Emission regulations, apply best practical technology for energy efficiency and pollution control,
Reduction | implement environmental management system, and develop new technologies to

virtually eliminate emissions. /

*Improve land-use and landscape mangement practices by disseminating and applying best)
practices for plant and quarry managment. Cement companies can disseminate and adopt
innovative siting, land use, landscape mangement, and quarrying methods that consider
cultural sensitivities and biodiversity, and find productive, environmentally sound, and

Stewardship| socially acceptable uses for depleted quarries and retired plats. J,

Ecological

sImplement programs to enhance worker health, safety, and satisfaction. Cement
companies can work more diligently to assure healthy and safe working conditions for
employees and contractors, implement managment systems for occupational safety and
health, and istitute programs and practices that promote amployee satisfaction and well-
Well-Being | being

/

*Contribute to enhancing quality of life through local stakeholder dialogue and community)
V4 assistance programs. Cement companies can engage in open dialogue with stakeholders to

Employee

Comm/unity understand their concerns, train cement company personnel inappropriate skills, institute
sustainability reporting programs, and provide voluntary assistance to improve community
Well-Being | well-being. Y
*Promote regional economic growth and stability, especially in developing countries. >
Cement companies can work to better anticipate the impacts of facility siting, acquisition
\ and closure decisions; partecipate with local and regional governments, as well as other
Regional . .. . . . .
interested parties, in regional planning; and support economic development and capacity
Develpment| building for local suppliers and disadvantaged communities. )

N

h/ *Pursuing the above recommendations will contribute to shareholdervalue creation in a
Shareholder| variety of ways, including quantifiable reductionsin a capital costs as well as strategics
advantages such as improved licence to operate.

value >
creation
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The cement industry has pursued strategies to reduce CO; emissions since the 1990s. In particular, the major
producers have worked together under the Cement Sustainability Initiative (CSl), and have devoted
substantial effort to introducing mitigation solutions. Globally, cement production produces 600-700kg of
CO, per tonne of cement and this is both because it needs energy (both fuel and electricity) and the
production process releases CO,. There is no single choice or technology capable of lead to a reduction in
emissions. Only one combination of different ways to reduce emissions, can achieve substantial reductions?*.

CO, Cement Emissions

Million Tonnes

1990 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 19. Cement CO; emissions in EU?>26

CO; emissions vary by kiln type and clinker heating process. The Cement Sustainability Initiative provides
these emission data and is shown in the following diagram from 1990 to 2016. The dry process with Lepol
kiln is the one that has produced the most CO; in several years, but this is an obvious fact as it is the most
used technology. The process wet with long kiln also has a high CO, value but in this case this figure depends
on the type of kiln and not on the quantity of production.

180.000.000

160.000.000 m Dry with preheater and

140.000.000 precalciner

® Dry with preheater without
precalciner

Total CO, Emissions by kiln type in EU
120.000.000
Dry with preheater long dry
kiln

|
Begn"™ n
100.000.000 I - L
L -
80.000.000 =
m Mixed kiln type
60.000.000
40.000.000 Semi- wet/semi-dry
20.000.000
B Wet/Shaft kiln

0
1990 2000 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015 2016

CO,Tonnes

Figure 20. Total CO, emissions by kiln type

Zhttps://reader.chathamhouse.org/making-concrete-change-innovation-low-carbon-cement-and-
concrete#introduction

Zhttps://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

26 https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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5.2.4.2 Relevant Policies, Standards and Directives

Best Available Techniques (BAT)

Best Available Techniques, BATs?, are adopted in industry to comply with existing regulations, to improve
environmental records and often for economic reasons as well.

The BAT general content for the Cement Industry includes:

= ldentification of key environmental issues: Energy use and emissions on air (i.e. NOx, SO-and Dust);

= Examination of the techniques most relevant to address those key issues;

= ldentification of the best environmental performance levels, based on the available data in the EU
and world-wide;

= Examination of the conditions under which these performance levels were achieved (i.e. costs, cross-
media effects, main driving forces involved in implementation of this techniques);

= Selection of BAT and associated emission and/or consumption levels in according to Art. 2(11) and
Annex IV of the Council Directive96/61/EC on Integrated Pollution Prevention and Control (IPPC).

General Primary Measures

The BAT for the manufacturing of cement includes the following general primary measures:

o A smooth and stable kiln process, operating close to the process parameter set points, is beneficial
for all kiln emissions as well as the energy use, by applying:

o Process control optimization, including computer-based automatic control systems and use of
modern, gravimetric solid fuel feed systems.

Minimising fuel energy use by means of:

o Preheating and precalcination to the extent possible, considering the existing kiln system
configuration;

o The use of modern clinker coolers enabling maximum heat recovery;

o Heat recovery from waste gas.

Minimising electrical energy use by means of:

o Power management systems;
o Grinding equipment and other electricity-based equipment with high energy efficiency.

Careful selection and control of substances entering the kiln can reduce emissions:

o when practicable selection of raw materials and fuels with low contents of sulphur, nitrogen,
chlorine, metals and volatile organic compounds.

The following table?® shows the regulatory limits for the main emissions in the cement industry, according to
the BAT emission levels

27 http://www.isprambiente.gov.it/contentfiles/00001600/1697-m1-u3.pdf
28 https://eur-lex.europa.eu/legal-content/IT/TXT/PDF/?uri=CELEX:32013D0163&from=EN
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Table 8. BAT emission level
BAT-associated emission level (mg/Nm?)

Emissions Dust Energy
source HCL HE Hg SO, NOx co coT Consuption
GJ/t of product
llasectids <10| <1 | <0.05]| <50-200 | <200-450 | <500 | <10 5.1-7.8
preheater
L°“E“r::ary <10| <1 | <005]| <50-400 | 100-350 | <500 | <10 6.0-9.2

By adopting BATs it is possible to have an important percentage of fuel and energy reduction. The histogram

shows the potential savings of fuel and energy in percentages for each country.

Estimated technical energy savings
potentials from wide BAT adoption
100% 93%
80%
60%
44%
40% po% 0
° i 34%
30%
28% 25% s 29% 550, b
19% | 20%" 21%
20% 14% 16% !
6% 8% 10% 7%
- w -
0% [ —"== — = ——
Africa A5|a Brazn Central Ch|na CIS Europe Indi Middle North  South
America 39 [East AmericaAmerica
-20%
technical fuel savings potentials m technical eletricity saving potentials

Figure 21. Potential energy saving Source: ADVANCE-WP2 “A model guide for cement industry”

5.2.4.3 Innovation trends in the sector

Emission reduction is a key factor for the cement industry. Further, best practices in emissions reduction can
be related to increased efficiency and thus to a better business. Four main levers have been identified to help

reduce cement footprint

Thermal and electric efficiency - The first lever involves upgrading kilns and equipment so that less energy is
needed to produce cement. Changing plant design, shifting towards higher-efficiency dry kilns, upgrading
motors and mills, and using variable-speed drives can make a big difference to energy consumption and costs.
Optimizing the recovery of waste heat has been shown to reduce cement factories’ operating costs by

between 10% and 15%.

Alternative fuel use - The second lever consists of switching from fossil fuels to alternatives such as biomass
and waste. Coal has been the main fuel used historically, but cement kilns can safely burn biomass and waste
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instead of fossil fuels as the high processing temperature and the presence of limestone clean the gases
released, The type of alternative fuel used, however, depends on local availability and the quality of
alternatives, which are often outside the control of cement producers. The use of alternative fuels in cement
production is most prevalent in Europe, making up around 43% of fuel consumption there compared to 15%
in North America, 8% in China, South Korea and Japan, and around 3% in India. This indicates that a lot can
still be achieved by simply increasing the use of alternative fuels, particularly in emerging markets such as
China and India. There is still room for improvement in Europe, where the average cement plant could
substitute around 60% of its fuel with alternatives.

THERMAL ENERGY CONSUMPTION BY FUEL TYPE
FOR THE YEAR 2016

W Alternative Fosil Fuels

29%
W Biomass
56%
15%, Conventional Fossil
Fuels

Figure 22. Thermal energy consumption by fuel type?®

Clinker substitution - The third lever consists of reducing the amount of Portland clinker used by substituting
it with clinker substitutes such as fly ash, GBFS and limestone. The IEA estimates that around 3.7 GJ and 0.83
tonnes of CO; can be saved per tonne of clinker displaced. To date, clinker substitution has contributed on
average to a 20-30%decrease in CO, emissions per tonne of cement produced, compared to the 1980s. While
the reduction in clinker use has been substantial, clinker ratios have recently levelled off and there is still
considerable scope for improvement in most regions. The main constraints on clinker substitution tend to be
the availability and cost of clinker substitute materials, which vary considerably by region, consumer
acceptance and the barriers imposed by standards and regulations.

Carbon capture and storage (CCS) - The fourth lever consists of capturing the emissions from a cement kiln,
and then securing and storing it. CCS is particularly attractive for cement producers, as the process emissions
from heating limestone to produce clinker cannot be avoided by simply switching fuels and improving energy
efficiency. Even with large-scale substitution of Portland clinker, emissions from the portion of clinker that
would still be produced would continue to present a challenge. CCS accounts for 56% of the planned direct
emissions reduction to 2050, compared with 10% for clinker substitution, 24% for alternative fuels and 10%
for energy efficiency, the cement industry has engaged in several projects to develop CCS, however,
as in other sectors, development has been slow and there are still many barriers which are technological,
political, regulatory and public acceptance. One of the main barriers so far has been cost, several countries
also lack an adequate legal framework for CO; storage and there are currently only two cross-country large-
scale storage projects in EU. Finally, the lack of geographic clustering and economy of scale is a problem:
most cement plants are too small to justify by themselves the construction of the necessary distribution
infrastructure for captured CO,.

2https://betoni.com/wp-content/uploads/2018/11/11.-Cement-and-Concrete-in-a-Low-Carbon-Economy-Chief-
Executive-Koen-Coppenholle-CEMBUREAU-%E2%80%93-The-European-Cement-Association.pdf
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These levers — excluding CCS — have delivered an 18% reduction in the global average CO; intensity of cement
production since 1990. Until 2050 a total reduction of 32% with respect to 1990 is expected, while with
innovative technologies such as Carbon capture, Carbon re-use, Clinker substitution/Lower Carbon Cements,
New binders/ Novel Cements, Product durability, emission reductions of up to 80% could be possible.

% of Thermal energy from Alternative Fuels in the Cement sector in
the EU-28

60%
40%
20%

0%
1985 1990 1995 2000 2005 2010 2015 2020

Figure 23. Percentage of alternative fuels3°

CO, REDUCTION MEASURES: 2050 PERSPECTIVE
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Figure 24. 2050 perspectives through different technologies adoption.3°

Case-study: shows the emission intensity among major cement manufacturers. Lafarge-
Holcim, as leads with higher productions and lower emissions. Among the reasons there is an innovative
binder, developed in cooperation with Solidia Technologies,?** a cement and concrete technology

company offering patented processes that ease production, reduce costs, and improve performance of
cement and concrete, while reducing the carbon footprint of concrete up to 70% and water use up to 100%
during manufacturing.

30https://betoni.com/wp-content/uploads/2018/11/11.-Cement-and-Concrete-in-a-Low-Carbon-Economy-Chief-
Executive-Koen-Coppenholle-CEMBUREAU-%E2%80%93-The-European-Cement-Association.pdf

31 https://solidiatech.com/

32 Source: Cembureau “INNOVATION IN THE CEMENT INDUSTRY”
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Figure 25. Cement producers: top assignees by production volume and emissions intensity

(Source: Production and emissions intensity data for LafargeHolcim, HeidelbergCement and Cemex, and emissions intensity data for Taiheiyo from
Kisic, M., Ferguson, C., Clarke, C. and Smyth, J. (2018), Building Pressure: Which companies will be left behind in the low-carbon transition? CDP
Report, http://b8f65cb373b1b7b15feb-
c70d8ead6ced550b4d987d7c03fcdd1d.r81.cf3.rackcdn.com/cms/reports/documents/000/003/277/original/Cement_Report_Ex_Summary.pdf?1523
261813 (accessed 27 Apr. 2018))
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5.3.1 STEEL Market Demand and Supply Analysis

The STEEL INDUSTRY is the second biggest industry in the world after oil and gas with an estimated global
turnover of 900 billion USD.?* The World Steel Association forecasts the global steel production®* will reach
1,772 Mt at the end of 2019 and the global steel demand® will reach 1,735 Mt in the same year (with an
increase of 1.3% over 2018). In 2020, the demand is projected to grow by 1.0% to reach 1,752 Mt.

Mt of steel' | k countries Mt of steel pl‘odu ' 28, 2019-2030

FWH“HM i i W

b 2019 2020 2021 2022 203 2024 2025 2026 2027 208 2029 2030
Figure 26. a) EU-28 steel production by country (Million tonnes), 2019; b) EU-28 steel production forecast (2019-2030)
Production data: The EU-28 region has roughly a market share of 10% in both production and demand,

ranking second among the various regions in the global steel market (behind Asia region, which has a market
share of about 69% in which China only has roughly the 49%).

The European steel production will reach roughly 172 Mt of crude steel at the end of 2019 and is mainly
concentrated in Germany, Italy, France, Spain and Poland that together produce almost the 65% of the total

33 Data from the project proposal.

34 World Steel Association, EIU forecast.

35 “worldsteel Short Range Outlook April 2019”. https://www.worldsteel.org/media-centre/press-releases/2019/worldsteel-short-
range-outlook-april-2019.html
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European steel.®® From 2019 to 2030 is expected a
growth of about 1.2% per year and this would
amount to a production of around 200 Mt of crude
steel in 2030.%’

In 2017, the quality of crude steel produced
concerned mainly the carbon steel non-alloy with
the 78.4% of the steel produced, followed by the
carbon steel other alloy (17.2%) and the stainless
steel (4.4%).

The crude steel produced is then worked in rolling
mills, always inside the steel mills, for producing
finished steel. In the table below is shown the EU

GLOBALSTEEL PRODUCTION MARKET SHARE, BY REGION

Central &
South America;
3%

CIS; 6%

North America;
7%

EU-28; 10%

Middle East; h %
Other Europe; 2!
2% P l;frica; 1%

Asia ; 69%

Figure 27. Global steel production by region, 2019

total finished steel production by product, from 2015 to 2017:

Table 9: EU total finished steel production by product (Source: Eurofer)

2015 2016 2017
Total hot rolled (Million tonnes) 150.991 150.404 153.857
» of which flat products: 92.437 92.200 94.809
Quarto Plate 10.936 10.573 10.953
Hot Rolled Wide Strip 80.024 79.941 82.073
Other flat products 1.477 1.686 1.783
» of which long products: 58.554 58.204 59.048
Wire Rod 20.825 20.451 21.221
Rebars 12.763 13.191 12.487
Merchant Bars 12.774 12.319 12.930
Heavy Sections 8.894 9.401 9.605
Other long products 3.298 2.842 2.805
Products obtained from upstream production - from Hot Rolled Wide Strip
» Cold Rolled Flat 44.780 45.164 45.927
» Hot Dipped Metal Coated 27.299 27.362 28.060
» Organic Coated 4,574 4.863 4,941

Demand data: After showing the EU steel production, the demand analysis needs to consider the apparent
steel use/consumption (ASU: the supply of all steel products delivered to the EU-28 market by domestic
producers in the EU and by third country exporters), which differs from the real consumption as it recognises
changes in stock levels (the difference between the real steel consumption and the changes in stock levels in
steel-using sectors determines the steel demand). The following table shows the steel-using sectors share in

36 “Eyropean Steel in Figures 2018”, Eurofer.
37 Data from the project proposal.
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total steel consumption and their related SWIP index:® Steel-Weighted Industrial Production (SWIP) index is
used to calculate the changes in stock levels and allows to estimate changes in outputs production and the
related economic activities in the industrial sectors requiring steel.

Table 10: EU Steel consumption per Steel-using sectors and EU Steel Weighted Industrial Production (SWIP) index (Source: Eurofer)

Construction 35% 4.8% 2.1% 1.7%
Mechanical engineering 14% 3.7% 0.4% 0.8%
Automotive 18% 0.6% -0.2% 1.6%
Domestic appliances 2% -0.8% -0.1% 2.2%
Other Transport 2% 8.2% 2.3% 1.4%
Tubes 13% -1.9% -0.2% 1.0%
Metal goods 14% 1.8% -0.4% 0.8%
Miscellaneous 2% 2.2% 1.0% 2.4%
Total 100% 2.8% 0.9% 1.1%

The table above shows that the output in the EU’s steel-using sectors is forecast to grow by 0.9% in 2019 and
by 1.1% in 2020. The weakened prospects for production growth in EU steel-using sectors over the 2019-
2020 period will inevitably translate into only very moderate growth of real steel consumption over that
period.

Import and Export:

According to Eurofer’s data, the outlook for EU steel demand is subdued. The base case scenario for the
development of final steel use shows only marginal growth in 2019 and 2020. In fact, EU steel consumption
is forecasted to grow almost unnoticed by 0.2% in 2019 and by 0.5% in 2020, reaching 163 million tonnes in

2019 and 164 million tonnes in 2020. Further, there is a trend for increasing third-countries import. Given
the uncertainty that currently surrounds the EU steel market in terms of demand and supply fundamentals,
steel inventories will be managed with care.

In the final quarter of 2018 domestic deliveries from EU mills to the EU market decreased by 2.1% compared
with the same period of 2017. This was the result of third country imports growing by 16.3% year-on-year
within a context of flattening steel demand growth over that timeframe. Imports amounted to 9.6 million
tonnes and accounted for 24.7% of EU steel demand. Over the whole year 2018 third country imports rose by
12.6% which contrasts sharply with the 1.7% rise in domestic deliveries. The preliminary safeguard measures
imposed by the EU Commission in July 2018 were supportive to limiting import volumes in the second half of
the year compared with the extraordinary high import volumes that landed in the EU in the first half (this
aspect will be deepened in the paragraph 5.3.5.2).

38 “ECONOMIC AND STEEL MARKET OUTLOOK 2019-2020", 7 May 2019, Eurofer.
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Market Supply of finished products: After having analysed the outlook for
EU steel demand up to 2020, it is possible to highlight the market supply
from 2015 to 2017 for the finished steel products, as per the table below:

Table 11: Market supply of finished steel products (source: Eurofer)

Total Flat products (Million tonnes)
Non-alloy and other | Eu deliveries 73.744 74.590 74,729 80.8%
alloy steels Imports, third countries 15.818 17.797 17,764 19.2%
R Eu deliveries 3.748 4.052 3.944 73.2%
Imports, third countries 1.096 1.227 1.447 26.8%
Total Long products (Million tonnes)
Non-alloy and other | Eu deliveries 45.886 47.014 49.111 90.1%
alloy steels Imports, third countries 4993 5.525 5.389 9.9%
Stonlons stecls Eu deliverie.s : 1.019 1.076 1.087 77.3%
Imports, third countries 0.283 0.292 0.319 22.7%

Scrap Market: In addition to the market supply of finished steel products,
the STEEL industry is also based on the scrap market (secondary production).
In fact, steel has the main feature that makes it reusable without losing its
characteristics and it’s 100% recyclable. For these reasons, steel is the most
recycled material in the world, with over 650 Mt recycled annually, including
pre- and post-consumer scrap.

By region, the scrap is produced mostly in mature economies. Indeed, the scrap used with respect to the
total feed used in the steelmaking process is the 72% in the US, for example, 54% in the EU, 32% in Japan and
39% in Korea. On the other hand, growing economies produce, and thus use, less scrap steel; 11% of steel in
China and 25% of steel in Russia is made through steel scrap. However, China is growing and expecting to use
substantially more domestic scrap in the coming years. Turkey uses scrap imports from the EU to help it stand
out as a major steel producer from scrap, with 78% of its steel production coming from this route.®

By sector, about 83% of post-consumer steel is recovered for recycling. Global steel recovery rates are
estimated at 85% for construction, 85% for automotive (reaching close to 100% in the US), 90% for
machinery, and 50% for electrical and domestic appliances.*

The EU steel scrap market has reached significant levels in the last years, mainly in terms of consumption and

exports from the EU, as it is shown in the table below:

Table 12: EU Consumption, Imports and Exports of Scrap Steel, 2013-2017 (source: Eurofer)

Scrap Consumption 91.006 91.563 90.614 88.466 94.009 +0.875%
Scrap Imports 3.191 3.143 2.850 2.740 3.140 -0.025%
Scrap Exports 16.802 16.953 13.763 17.769 20.056 +6.025%

It must be noted, that the scrap consumption considered in the table above comprehends the total amount
of steel recycled (end-of-life) and re-used in steelmaking routes. The several types of steel scraps are listed

39 Hydrogen steelmaking for a low-carbon economy- A joint LU-SEI working paper for the HYBRIT project — Stockholm
Environment Institute & Lund University, 2018
40 https://www.steeloncall.com/blog/sustainability-of-the-supply-chain/
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in the following table, in which are also specified the level of impurities for each one.*
Table 13: EU steel scrap specifications

il E3 <0.250 <0.010 2<0.250
E1 <0.400 <0.020 2<0.300
E2 2<0.300

New scrap, low residuals, uncoated ES 3 <0.300
E6 3 <0.300

Shredded E40 2<0.250 2 £0.020

Steel turnings E5M <0.400 2<0.030 2<1.0

wiigh radtie] s EHRB <0.450 2<0.030 2<0.350

EHRM <0.400 2<0.030 2<1.0
Fragmented scrap from incineration E46 <0.500 <0.070
Ore-based metallics Pig iron, Dlr.ect iaeluee 0.002 trace 3<0.15
Iron, Hot Briquetted Iron

5.3.2 STEEL Industry Key Players

The steel industry, as seen in the previous paragraph, is globally dominated by Asian market, specifically by
China. This also reflects on the countries of origin of most of the main companies in the sector. However, the

company that annually produces the largest amount of steel is the European ArcelorMittal, that in 2017
produced 97.03 Mt.

In the following tables, all European companies that produced more than 3.00 Mt in 2017 are reported.

Table 14: EU-28 steel industry key players

EU-28 Companies Country Tonnage 2017 Steel Recycling
ArcelorMittal Luxembourg 97,03 Mt Yes
Tata Steel Group India 25,11 Mt Yes
(European also)
thyssenkrupp Germany 13,22 Mt Yes
voestalpine Group Austria 8,15 Mt Yes
SSAB Sweden 8,00 Mt Yes
Salzgitter AG Stahl und Germany 7,31 Mt Yes
Technologie
CELSA Steel Group Spain 7,02 Mt Yes
Huttenwerke Krupp Germany 5,90 Mt Yes
Mannesmann
RIVA Group Italy 5,87 Mt Yes
Outokumpu Oyj Sweden 3,28 Mt Yes
Acciaieria Arvedi Spa Italy 3,19 Mt Yes
Table 15: Other Europe steel industry key players
Other Europe Companies Country Tonnage 2017 Steel Recycling
EVRAZ Group Russia 14.03 Mt Yes (Evraz Canada)
Magnitogorsk Russia 12.86 Mt Yes
Severstal Russia 11.65 Mt Yes
Metinvest Ukraine 9.59 Mt Yes
ERDEMIR Group Turkey 9.20 Mt Yes
Mettalloinvest Russia 4.76 Mt Yes
ICDAS Turkey 4.31 Mt Yes
Mechel Russia 4.27 Mt Yes
Habas Turkey 3.51 Mt Yes
ISD Corporation Ukraine 3.41 Mt Yes
TMK Russia 3.24 Mt Yes

41 https://www.metallics.org/assets/files/Public-Area/Fact-Sheets/ 5 Basic Pig Iron_in EAF Fact Sheet rev3.pdf
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5.3.3 STEEL Industry Sector Descritpion:

5.3.3.1 Employment & global turnover

The STEEL Industry contributes significantly to the European economics. In fact, as seen previously, there are
lots of steel-using sectors, therefore we must not only count the direct contribution given by the sector but
also the indirect one (including all the Steel Supply Chain) and the induced one (including all spending of Steel
income). Counting direct, indirect and induced employment, there are as many as 2.5 million people that
worked in and around the industry in 2017, with 320,000 direct job in the industry producing on average 170
million tonnes of steel per year. The multiplier effect (the ratio of total activity to direct activity) of the
320,000 direct jobs in the sector is 7.7 times, an outsize impact.

The European steel industry has a turnover of around €170 billion (only deriving from the total sector sales),
eight times the industry’s direct Gross Value Added, larger than comparable manufacturing industries.
Counting direct, indirect and induced factors, the GVA of the European steel industry was upwards of €128
billion in 2017. More specifically, European steel industry GVA per worker is around 11% above the average
for the overall EU economy, and some 7% higher than that of the wider EU manufacturing sector.*?

Economic impacts of the EU Steel Industry
(2017)
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Figure 28. Economic impacts of the EU Steel Industry, 2017 (source: Eurofer)

42 Data from various Eurofer reports.
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Steel can be produced using different raw materials and methods. It is possible to distinguish three

alternative steel production routes, as it is shown in

e If a Blast Furnace (BF)with a Basic-Oxygen Furnace (BOF) are used for steelmaking it is called an

integrated route;

e The second way .
The steel production routes
for steelmaking is via LUMP ORE FINE ORE LUMP ORE  FINE ORE
. . 4 I
Direct Re‘ductlon (DR) Raw o ’{}m 8t ;:,a.,,,.
and Electric-Arc Furnace matenalt' — - & ) [a >
preparation [ potiots ecycled
(EAF). p ek | Cshmt | | g
* The third route is Blast Furnace 1! Direct Reduction [ coal || \
based on the direct use ¥ =] %
H natural gas, kel gas, ::1 — e :
of recycled steel (scrap). Ironmaking du_ggni- ™ AN natural gas
(The technologies are o, shatt  rotarykin flidzed
. X fumace  furnace bed
detailed in the paragraph T S R -
5.3.3.4). dal N e A |, royced
Steelmaking gl sted — ool g " 5
Following this division, it is = Q - :
wing - o gor o & o &
possible to analyse step by T T ‘ k
step the supply chain of Crude steel

the three different routes
identified:

Figure 29. Steel Supply Chain (source: World Steel Association)

BF-BOF (/BF-OHF) route: The steelmaking starts with the supplying from mining companies of the raw
materials that are mainly iron ore (lump ore or fine ore)l, coal for coking, and mineral aggregates.
When the raw materials arrive in the steel mills, it starts an integrated process that consists in: i) Raw
material preparation, with sintering or pelletizing raw materials; ii) Ironmaking, the production of hot
metal with the prepared raw materials via Blast Furnace; iii) Steelmaking, the production of crude
steel with the hot metal and recycled steel via BOF (or OHF).

The BF-BOF route is the most used way for steel production and represents about 70% of the world
steel production. A variation of this process is the use of a smelting reduction (SR-BOF) route, which
is based on the combustion of coal for the reduction of iron ores with or without agglomeration, but
which currently covers only 0.4% of world production of the steel* and for this reason it won’t be
deepened.

DR-EAF route: The steelmaking starts with the supplying of the raw materials that are mainly iron ore
from mining companies and a reducing agent (natural gas or coal). When the raw materials arrive in
the steel mills, it starts a process that consists in: i) Raw material preparation, with iron ore pelletizing;
ii) Ironmaking, the production of Direct Reduced Iron (DRI) thanks to a Direct Reduction obtained via
shaft furnace, rotary kiln furnace or fluidized bed; iii) Stee/making, the production of crude steel with
the recycled steel and DRI via EAF. This route produces about the 5% of the world steel.

EAF route: The steelmaking starts from the recycled steel supplying and ends with the production of
crude steel via EAF using only the recycled steel. This is possible because the Electric-Arc Furnace

43 “Ironmaking and Steelmaking Processes: Greenhouse Emissions, Control, and Reduction”, P. Cavaliere, 2016.
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allows the steelmaking with 100% recycled steel as inputs (more details in paragraph 5.3.3.4). The
scrap-EAF route accounts about the 25% of the global steel production.

It can be noted that the figure above considers also hot metals as alternative input for EAF: in this case the
liquid metal is cast into ingots before being charged to the steel plant and is named “Pig iron” (it can be
produced also smelting ilmenite in electric furnaces, but this is a rare case). Many EAF operators prefer to
use Pig Iron to blend with scrap and other feedstock materials due to its high ferrous content, low gangue,
and chemical purity (on average, Pig Iron makes up between 5-10% of the global EAF metallics charge but in
some parts of the world where scrap is scarce, Pig Iron can be used at up to 60% of the charge).* Due to
these favourable features, the Pig iron in recent years is more and more used in EAFs as one of raw

materials.*

Eventually, the produced crude steel passes through rolling mills, which transform it into one of the finished
steel products as analysed in the table “Market supply of finished steel products (source: Eurofer).

5.3.3.3 Cross-sectoral Value-chain

The Steel Supply Chain, as just described, can comprehend mining companies and sometimes scrap metal
buyers for raw materials supplying, and Steel mills for steelmaking. On the other hand, as already specified

before, the steel industry uses recycled steel as secondary raw material. Thus, a circular value-chain can be

defined, as shown in the figure below.

Raw materials
supplier
Mining companies and
scrap metal buyers

@ c Recyeling

C%m;s parts and discarded

goods are collected and
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refinement process

it}
T
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goods, construction materials
and machinerics Finished products
manufacturing

15
ooo

Manufacturers assembles their
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service centres to create

specialized components for
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producers from waste
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and procesging indusiries
(e.g DK)
Steelmaking A#‘
Steelmakers produce and
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Zing prwsing
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Processing and .=&
distribution
Service centres buy,
stores and process

inventories of steel

Figure 30. Common steel value chain integrated with DK business

The represented steel value chain highlights an intermediate products market. In fact, on the right, it spots
the supply of steel intermediate products, e.g. pig iron and zinc, from the recycling of steel dusts. They can
be produced with the aim of reselling it to other steelmakers for the steel production in the EAFs for example,

4 The project partner DK has developed a technology to produce Pig iron also from waste materials from iron producing

and processing industries.
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following the life cycle pattern shown in the figure, where, eventually, steel scraps are purchased by
companies that re-use it directly for producing new steel or by companies that re-sell it to steelmakers.

The steel value chain is strongly characterized by the bullwhip effect, that is a phenomenon whereby a small
change in demand among end customers is amplified as it progresses upstream along the supply chain. This
has the potential to cause cycles of excess inventory and large amounts of stocks, severe backlogs,
inadequate product forecasts, unbalanced capacities, poor customer service, uncertain production plans,
high backlog costs, and lost sales.* The DESTINY project can contribute to minimize this effect, adapting the
steel production to the market demand thanks to the switch and go and the on-demand production.®

Thus, the described steel value chain has some weaknesses and some strengths that are illustrated in the
following table:

Table 16: Steel value chain assessments

Low — High cost and risk of Low — More stringent policies  Higher if scraps are use

bullwhip effect on low sustainable processes  Affected by fuel
consumption high-ener
processes

Low — Often it isn’t High — Necessary to make the  Low — High energy
integrated in steelmaking steel products corrosion consumption and relatt
process, but it causes resistant emissions

additional costs

It depends on consumer Higher if processes are more Low - High energy
goods demand and steel sustainable consumption processes
sheets prices related emissions

High — Does not require

High — Depending on costs High — Push towards Circular upstream processes an
economy therefore avoids the re
impacts

45 “Steel Supply Chains Management by Simulation Modelling”, M. Sandhu, P. Helo, Y. Kristianto, 2013.
46 Data from the project proposal.
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5.3.3.4 Used Technologies

As it is shown in the paragraph 5.3.3.2
5.3.3.1, the technologies used for
steelmaking are mainly three: Basic-
Oxygen Furnace (BOF), Open-Hearth
Furnace (OHF) and Electric-Arc Furnace
(EAF).

The BOF and OHF technologies have both
an integrated route with the Blast Furnace
that is used for ironmaking, while the EAF
technology can have a non-integrated
route thanks to its steelmaking feature
that allows to produce steel also directly
with steel scrap (see figure aside*’). Below,
the technical features of the three
different steelmaking technologies are
described:

Iron ore,
limestone, coal,
natural gas

coal

integrated route

sinter/peliets molten pig iron
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. molten sleeL semr-p/oduﬂ Friched
" (BOF, OHF) " Casting " Finishing product

coke

by-product

pulvenzed
coal

FA

oxygen

scrap

:
i steel
i scrap

H
L__Oxygen

non-integrated route

9

EAF

H
H

7 H

molten steel Semi-procuct Finished | 1
~ Casting ™ Finishing pr i

H

7

Figure 31. Technologies used for steelmaking

1. Open-Hearth Furnace: It has been almost completely replaced by BOF and EAF steelmaking in many

highly industrialized countries.”® The open-hearth furnace (OHF) uses the heat of combustion of
gaseous or liquid fuels to convert a charge of scrap and liquid blast-furnace iron to liquid steel. The
high flame temperature required for melting is obtained by preheating the combustion air and,
sometimes, the fuel gas. OHFs vary considerably in size, having been built for heats of 10 to 600
tonnes; the hearth of a 150-tonnes-capacity OHF is approximately 15 metres long and 5 metres wide.
Bulk materials, such as scrap, cold blast-furnace iron, ore, limestone, coke, and alloying agents, are
charged through the furnace doors in small boxes of one- to two-cubic-metre capacity. The boxes
are brought to the OHF on small railroad buggies, and a charging machine then moves one box after
another through a door, turns them over, and dumps their contents onto the hearth.

Basic-Oxygen Furnace: Basic Oxygen Furnace (BOF), also named Basic Oxygen Furnace Steelmaking
(BOS) or Linz-Donawitz-Verfahren steelmaking or the oxygen converter process, is a method in which
both molten pig iron and steel scrap are converted into steel with the oxidizing action of oxygen
blown into the melt under a basic slag. BOFs include conventional top-blown furnaces, bottom blown
furnaces, and various mixed blowing configurations and inert gas bottom stirring modifications. The
top blown basic oxygen furnace is equipped with the water-cooled oxygen for blowing oxygen into
the melt through 4-6 nozzles; the bottom blown basic oxygen furnace is equipped with 15-20 tuyeres
for injection of oxygen or lime powder containing oxygen.*® To produce 1,000 kg of crude steel, the
main inputs for the BF-BOF route are roughly: 1,370 kg of iron ore (accounts over just 50% of BOF
steel costs); 780 kg of coal; 270 kg of limestone; 125 kg of steel scrap; self-sufficient in energy. A BOF
can be charged with as much as 30% scrap.°

47 “Comparative Study of Iron and Steel Industry Transition in the Countries of Central-East Europe and Former Soviet Union”, V.

Shatokha, 2017.

48 https://www.britannica.com/technology/steel/Open-hearth-steelmaking

49 https://www.steel-technology.com/articles/oxygenfurnace

50 https://www.worldsteel.org
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3. Electric-Arc Furnace: The electric-arc method uses high-current electric arcs to melt DRI and steel
scrap (or steel scrap alone) and convert them into liquid steel of a specified chemical composition
and temperature. The major charge material of electric-arc steelmaking is scrap steel, and its
availability at low cost and proper quality is essential. The electric-arc furnace (EAF) is a squat,
cylindrical vessel made of heavy steel plates; it has a dish-shaped refractory hearth and three vertical
electrodes that reach down through a dome-shaped, removable roof.> To produce 1,000 kg of crude
steel, the main inputs for the DRI-EAF route are: 710 kg of steel scrap (account around 75% of EAF
steel cost); 586 kg of iron ore; 150 kg of coal; 88 kg of limestone; 2.3 GJ of electricity. An EAF can be
charged with 100% steel scrap.>? Recycling this steel accounts for significant energy and raw material
savings: over 1,400 kg of iron ore, 740 kg of coal, and 120 kg of limestone are saved for every 1,000
kg of steel scrap made into new steel.>

To date, steel is mainly produced via BF-BOF and scrap-EAF routes. A big difference between the two
steelmaking processes, besides the inputs needs and savings previously analysed, is the capital investment
costs involved: whilst a typical integrated (i.e. BOF-route) steel mill today costs ~€980 per tonne of installed
capacity, a medium-size EAF-route mini-mill today costs under €270 per tonne in terms of the initial capital
outlay.> Beside these just listed, there are also relevant differences on the energy required that is

summarized in the following table.>®

Table 17: Energy required of key processes in Iron and Steel industry.

Process Electric energy (kWh/t) Thermal energy (kWh/t)
min max min max
BF-BOF route (sum of the processes below) 73 405 3,517 9,117
- Coke production 6 64 906 1,306
- Sintering pelletising 25 44 358 561
- Blast Furnace 31 236 2,236 6,783
- BOF 11 61 17 467
EAF route 403 747 22 517

As the table shows, for BF-BOF route the highest consumption is of thermal type, related to the furnaces and
the peak of thermal consumption is in BFs. On the opposite, EAF reduces widely the thermal energy
consumption and does not increase proportionally the electric energy consumption, thus making it less
energy-intensive and preferable, when possible, due to availability of scraps and the quality of the final
product.

The main differences of the two technologies that have just been analysed are summarized in the table
below:

51 https://www.britannica.com/technology/steel/Electric-arc-steelmaking

52 https://www.worldsteel.org

53 https://www.steeloncall.com/blog/sustainability-of-the-supply-chain/

54 https://www.steel-technology.com/articles/oxygenfurnace

55 Data from the deliverable 4.2 of EU-Merci project. http://www.eumerci.eu/wp-content/uploads/2018/01/Iron-and-Steel.pdf
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Table 18: Main differences between BF-BOF and DR-EAF routes.

BF-BOF DR-EAF

Raw materials required to produce 1 t of crude steel 1,370 kg of iron ore*
780 kg of coal
270 kg of limestone
125 kg of steel scrap

Possibility of charging with 100% steel scrap No

710 kg of steel scrap**
586 kg of iron ore
150 kg of coal
88 kg of limestone

Yes

(In this case over 1,400 kg
of iron ore, 740 kg of coal,
and 120 kg of limestone are
saved to produce 1t of
crude steel)

Range of Electric energy required (kWh/t) 73-405 403-747
Range of Thermal energy required (kWh/t) 3,517-9,117 22-517
Investment required per tonne of installed capacity ~ €980 ~ €270

*|t accounts over just 50% of BOF steel costs; ** It accounts around 75% of EAF steel costs.

The EU steelmaking processes are also mainly based on BOF and EAF routes. In the table below the shares of
both technologies per EU crude steel outputs are shown, from 2015 to 2017:

Table 19: EU crude steel output by production route, 2015-2017 (source: Eurofer)

Million tonnes 2015 2016 2017 % shares 2017
Basic-Oxygen 100.624 97.664 100.165 59.2%
Furnace

Electric-Arc 65.418 64.378 68.871 40.8%
Furnace

Total crude steel 166.042 161.982 168.992 100%

Considering a higher production capacity of BOFs with respect to EAFs and that after steelmaking the steel is
processed in other sites, the next Figure 32 shows a map of these sites.

After having analysed the steelmaking technologies market, for DESTINY it is particularly necessary to refer
to the technologies used in the DR-EAF route (to date, accounting for about the 5% of the steel globally
produced®®) to produce intermediate products such as DRI. Direct Reduced Iron is the product of the direct
reduction of iron ore in the solid state by carbon monoxide and hydrogen derived from natural gas or coal.
There are several processes for direct reduction of iron ore that can be divided in two categories:®’

56 “Ironmaking and Steelmaking Processes: Greenhouse Emissions, Control, and Reduction”, P. Cavaliere, 2016.
57 https://www.metallics.org/dri-production.html
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e Gas-based processes, in which shaft furnaces and fluidizing beds are considered, accounting for 82%
of 2016 DRI production;

e Coal-based processes, in which rotary kiln and hearth furnaces are considered, accounting the
remaining 18%.

Indeed, with the high prices of steel scrap in the international market, coupled with the difficulty in the
importing process for small-scale units, DRI has become the most viable alternative to steel scrap. In view of
shortage of steel scrap and high prices of scrap, the secondary steel producers can depend on DRI as the
metallic feed material to produce steel. Using DRI in EAF increases furnace productivity and reduces both
electrode and power consumption.

For all the mentioned furnaces, there are several processes that can be summarized as done in the following
figure, in which they are divided by furnaces type, gas or coal process and required iron ore form.

e BF/BOF
e EAF
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Figure 32. Steel industry production sites in EU, 2017 (source: Eurofer)
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Figure 33. Direct reduction processes for iron (source: International Iron Metallics Association)

Case Studies: among these, Midrex® is the main one used in shaft furnaces, Finmet in fluidizing beds and

SL/RN in rotary kiln furnaces. Midrex® alone accounts roughly the 60% of total DRI production. Below are
analysed the features of each one, that reflect the characteristics of the three considered technologies:*®

- SL/RN process (rotary kiln): Normally, the rotary kiln is 60-125 metres long and 4-6 metres in
diameter and is capable to produce from 160,000 t/y to 200,000 t/y.> About 45% of coal is charged
with iron ore from the feed end and the remaining 55% from the discharge end of the kiln. Depending
on the properties of ore and coal, the temperature in the isothermal zone is maintained between
1000 and 1050 °C. After retention time of 8—10 hours in the kiln, the DRI is discharged via a transfer
chute into a cooler. Energy consumption decreases because no coke oven and sinter plants are
required: the total electricity consumption is 999,74 kWh/t liquid steel.®®

- Midrex® process (shaft furnace): The plant includes two shaft reduction furnaces that vary from 3,4
to 7 metres inside diameter and has a total capacity of more than 2.5 Million tonnes per year.®! The
average energy consumption of this plant is approximately 9.62 GJ/t (2,672 kWh/t) of DRI, lower than
Blast Furnace.®® The charge of the Midrex shaft consists of around 60% pellets and 40% lump ore of
a particular type. Reducing gas is produced by continuous catalytic reforming of natural gas with CO,
and H,0 contents in the recirculated shaft furnace top gas and the reforming reactions take place at
a temperature of 950 °C. Iron ore reduction is performed in the vertical, cylindrical shaft furnace by
the H, and CO components of the reducing gas while the iron ore is continuously charged from the
top; the reduction gas enters he shaft furnace at the bottom of the reduction zone with a
temperature of 800-900 °C. The residence time for obtaining 93-94% metallized DRI is between 5
and 6 hours. As the metallized material passes down through the conical section of the shaft, it is
cooled by inert gas.

- Finmet process (fluidizing bed): The Finmet® Process can produce 2.2 Mt/Year.®® The process uses a
train of four fluidized bed reactors in which the gas and solids moving in counter-current directions

58 “Direct Reduced Iron: Production”, 2009, Encyclopedia of Iron, Steel, and Their Alloys.

59 https://www.outotec.com/products/direct-and-smelting-reduction/slrn-process/

60 “Encyclopedia of Iron, Steel, and Their Alloys (Online Version)”, G. E. Totten, R. Colas, 2016.

61 https://www.midrex.com/assets/user/media/MIDREX Process-Brochure.pdf

62 http://ietd.iipnetwork.org/content/midrex%C2%A9-process

63 http://www.fsap-hk.com/product/FSAP_3b HBI-Keynote%20Presentation%20Kopie%202.key.pdf
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come into contact throughout the entire reactor train. The ore fines are fed continuously to the
reactors out of the lower lock hopper, which is always maintained at the reactor pressure of 11-13
bar. In the topmost reactor, the feed is preheated to 550-570 °C by the reducing gas coming from
the lower reactor. The composition of the recycled gas entering the last reactor is adjusted in
accordance with the desired carbon content of the product. The temperature in the last reactor is
maintained at around 780-800 °C. The final product is DRI with 93% metallization. The average
energy consumption of this plant is approximately 12.4 GJ/t (3,444 kWh/t) of DRI, lower than Blast
Furnace.®*

After having described the three processes, in the following table their pros-and-cons, which can be outlined
in the two categories of coal-based (rotary kilns) and gas-based (shaft furnaces and fluidizing beds).

Table 20: Features of processes for ironmaking in steel industry

Coal-based processes (SL/RN) Gas-based processes (Midrex and Finmet)

- Lower economy of scale.

- Low carbon content in the product (<1.0%).
- Lower productivity (0.1-0.2 Mt/day).
Disadvantages - Hot feeding to the steelmaking furnace and
hot briquetting are not possible due to the - Higher energy consumption (2.6-3.4 kWh/Kg)
presence of residual char and ash in DRI.

- Confined to the areas where natural gas is
available in abundance at a reasonable price.

- Do not require high-grade coal that is
scarcely available. L Higher productivity (2.2-2.5 Mt/day).

- Usenon-coking coal. I Higher metallization and carbon content in the

- Canbeinstalled at lower capacity. product (>1.0%).

Less capital cost per tonne of installed capacity

- Can be easily installed at places where small
(1.8-2 times lower).

Advantages reserves of coal and iron ore are available.

Better plant availability (lower maintenance

- Modules of small-scale operation are
problems).

available.

Environmental pollution (gas is a clean source

- No coke oven and sinter plants required:
of fuel).

lower energy consumption. Electricity
consumption is 1 kWh/Kg.

DESTINY’s microwave technology has the potential to position within the production of intermediate
products to feed the final steelmaking technologies via BOFs and EAFs (DRIs). Indeed, DESTINY’s microwave
aims to produce higher reduced iron ore pellets or sinter from steel dust recycling thanks to an exclusive
technology already developed by DK, adding also the production of zinc by-products, putting the two
processes together for the first time inside the still mills (the impacts of this innovation will be explicated in
the next paragraphs). To date, the zinc extraction from steel dust is already done and the most efficient
process to do it is the Waelz Kiln technology which accounts more than 85% of the market,®® but in plants
outside the steel mills. The Waelz process is described in the figure below:®

64 http://ietd.iipnetwork.org/content/finmet

65 "Zinc Recovery from Steelmaking Dust by Hydrometallurgical Methods", Faculty of Non-Ferrous Metals, AGH University of Science
and Technology, 18 July 2018.

66 http://www.globalsteeldust.com/waelz kiln technology
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1
2
EAF Steel Dust Transport
and pelletizing of
Kiln feedstock

Waelz Iron Product GSD is researching how to
can be sold for road valorize the iron content in
construction/cement. the Waelz Iron Product Waelz Zinc Oxide

Figure 34. Typical Waelz Kiln Process (source: Global Steel Dust)

The Waelz Zinc Oxide product, at the end of the process, come back in the steel mills or in other finished
steel manufacturing industries before its commercialisation.

5.3.4 Zinc Market

Zincis a 40 Billion USD per year market and is the fourth-most used metal worldwide, behind iron, aluminium,
and copper.?” The International Lead & Zinc Study Group (ILZSG)®® forecasts that the global mined zinc
production will rise by 6.2%, reaching 13.48 Mt in 2019 and the global refined zinc production will reach
13.65 Mt in the same year, growing by 3.5%. The global refined zinc demand, instead, is forecast to reach
13.77 Mt at the end of 2019, rising by 0.6% after remaining stable over the past four years.

Production data: when we talk about the production of zinc, we must differentiate the mined zinc from the
refined zinc that is then commercialized. Indeed, the zinc is first extracted from mines or other sources and
then, to be commercialised, is refined in smelters to produce high grade zinc. In the last few years, the overall
production of the zinc was quite volatile, as shown in the table below:

Table 21: Global zinc production, 2015-2019 (source: ILZSG; Zinc Market Overview, Nexa)

12.60 12.52 12.76 13.48 15.35

-7.49% -0.63% 1.92% 6.2% 3.3%

13.56 13.20 13.17 13.65 15.67

-1.74% -2.65% -0.23% 3.5% 3.5%

67 https://www.zinc.org
68 http://www.mineralinfo.fr/sites/default/files/upload/ilzsg may 2019 press.pdf
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The table shows an increase in production in the current year, also expected for the coming years. As
previously mentioned, the mined zinc can be produced either directly from mines, that account about the
90% of the total production, or from secondary sources, mainly EAF steel dusts processing that accounts
roughly the 10% of the total production.®® The EAF steel dusts processing, indeed, can extract zinc oxide that
can be supplied to the zinc smelters to produce high grade zinc.

Europe has different market shares depending on the two different zinc production sources, as shown in the
following figures:”® 7

Zinc production in mines, by region Regional zinc production from EAF dust plants
Africa
E‘i:;;:‘ — 1400000 9
Asiaand 1200000 g
Australia 1000000 6
44% 800000 5
600000 4
400000 :
200000 1
0 0
Northand Northand  Europe Republicof Japan China  Saudi Arabia
/ South Korea and
South America./ America Taiwan
43%
a b Capacity (tonne/year) === Number of plants

Figure 35: a) Zinc produced in mines, market share by region (source: Greenspec); b) Zinc produced from EAF dusts, by region
(source: ILZSG)
Worldwide _EAF generates roughly the 2% of steel dusts with a 22% of zinc content, which stands for 1.4
Mtonnes of zinc.”?In Europe instead, about 41% of steel is produced by EAF (see the paragraph 5.3.3.4, Table
19) thus, a coarse estimate using the same proportions for zinc content and steel dust, leads to a value of
0.303 Mtonnes/year of zinc from steel dust (the amount is forecast to rise in the following years due to the
growth of steel production and the number of EAF plants for steelmaking).

Demand data: the refined zinc consumption was quite steady in the last few years and Europe has the second
biggest market share in the global market. The refined zinc demand is forecast to grow at a 2.2% CAGR in the
next few years.

69 “Zinc Market Overview”, Nexa Investor Meeting, October 2018.

70 http://www.greenspec.co.uk/building-design/zinc-production-environmental-impact/
71 http://www.icz.org.br/upfiles/arquivos/apresentacoes/intergalva-2015/5-2-Stewart.pdf
72 “Zinc Market Overview”, Nexa Investor Meeting, October 2018.
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Table 22: Global refined zinc consumption, 2015-2019 (source: ILZSG; Zinc Market Overview, Nexa)

13.67 13.68 13.68 13.77 15.02

13.63

- -0.34% 0.29% 0.07% 0% 0.65% 2.2%

Global refined zinc consumption, by region

Other countries
16%

Japa
3%
Republic of Korea -~ China
49%

4%

Figure 36: Global refined zinc consumption, by region (source: ILZSG)

Zinc global markets is driven by its application in galvanized steel and iron making and by its final use in the
construction and infrastructure sector, as shown in the figures below:

Global refined zinc consumption, by application Global refined zinc consumption, by final use

Miscellaneous other Consumer - Agribusiness and other;
Chemicals applications Goods; 5,50% 0,50%
% 4% Automative and
Semi-
Indutrial Machi ;
manufacturers Galvanizing et a“;‘ nery
6% s0%
Brass and bronz
17%
struction amd
Infrastructure;
66%
Alloys
a} 17% h}

Figure 37: a) Global refined zinc consumption, by application (source: ILZSG); b) Global refined zinc consumption, by final use
(source: Zinc Market Overview, Nexa)

Balance: After some years in which the overall refined zinc market has been characterised by a large deficit
due to a demand level higher than the global production, in the following years the zinc production is set to
grow with a higher rate whilst the demand level will be steadier and the global market balance will turn to

surplus.
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Table 23: Global refined zinc market balance (source: ILZSG; Zinc Market Overview, Nexa)

13.56 13.20 13.17 13.65 15.67
13.67 13.68 13.68 13.77 15.02
-0.11 -0.48 -0.51 -0.12 0.65
-0.8% -3.5% -3.73% -0.87% +4.33%

Key players: although the market share in zinc production is not very high, among the top ten global
companies that produce zinc there are three European companies, which have mines and refineries around
the world.”

73 https://www.thebalance.com/the-10-biggest-zinc-producers-2013-2339743
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Table 24: Major global zinc producers (source: The Balance)
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- Korea Korea 1,100,000 NO
In more than 50 countries in YES
Switzerland AS@, North and South . 1,090,000 (thrqugh |t.s sub5|d|a.ry
America, Europe, Australia American Zinc Recycling
and Africa. Corp)
Switzerland Belgium, Netherlands 1,001,000 YES
Australia, France, USA,
Canada, Norway
- India India 840,000 NO
- Brazil Brazil, Peru 570,000 YES
China Countries in Asia, Oceania, 519,000 N/A
South America, and Africa.
Sweden Sweden, Finland, Ireland, 500,000 YES
Norway
- China China 404,000 N/A
- Canada Canada, Peru, Chile, USA 295,000 NO
- Canada Canada 265,000 NO

5.3.5 STEEL Industry Externalities (completing a PESTLE analysis)

5.3.5.1 Environmental and Societal Impacts

The iron and steel industry are one of the biggest industrial emitters of CO,, accounting for around 2.8 Gt per
annum of CO, emissions globally, about 8% of global energy system emissions. If the business scenarios
remain as usual, the emissions could rise to 3.1 Gt per annum by 2050, with the growth in global steel demand
driven by regions that are more unlikely to make significant progress on the decarbonization front. However,
the growth of emissions and the balance between different countries will be strongly driven by the changing
mix of different production processes: in fact, to date, average BF-BOF furnaces produce emissions of about
2.3 tonnes of CO, per tonne of steel produced, DRI with gas as the input produces about 1.1 tonnes, EAF
about 0.4 tonnes and less still if the electricity used comes from zero-carbon sources.”* Considering these
values, and the specific weight of each technology in the steelmaking in the EU-28 (see Table 19Table 19: EU

~N

4 “Reaching zero carbon emissions from Steel”, Energy Transitions Commission (ETC), 2018. http://energy-
transitions.org/sites/default/files/ETC Consultation Paper - Steel.pdf
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crude steel output by production route, 2015-2017 (source: Eurofer) and considering a 5% share of the DR-
EAF route also in EU-28), it is possible to deduce that in 2017 were emitted roughly 263.7 Mt of CO; in the
EU-28 area, about 1.56 tonnes of CO, per tonne of steel produced. Consequently, if the specific weight of
each technology will be the same and if no decarbonization technologies will be applied, in the 2030 roughly
306 Mt of CO, will be emitted by EU-28 steelmaking industry. The different levels of CO, emission are shown
in the figure below. Further, a review of current trends in decarbonization technology is at paragraph 5.3.5.3.

tCO, per ton of steel, by technology

EAF with zero carbon electricity W o1

ear N o2
BOF + CCS _ 0,9
or: Y 1.1
BOF with biofuels as inputs _ 11
BOF with best available technology — 18
sor N -

Figure 38. CO, emissions by steelmaking technologies

Given these different intensities, the predicted shift in the mix of steel production from BF-BOF to EAF
explains why forecasted emissions grow slower than total steel demand growth.

The iron and steel industry, being one of the industries that emit the most CO, because it requires an
expensive energy consumption, has been attentive for years to the reduction of these emissions and in the
last 40 years it has already halved its energy consumption thanks to the greater use of scraps, from a 20%
share in the 1970’s to around 40% today while the manufacture of iron from iron ore has declined. However,
a complete shift to recycling is limited by the availability and quality of scrap, as already said in the previous
paragraphs, so the industry needs and is developing new technologies that allow to reduce and/or set to zero
the emissions. These technologies, some of which are mentioned in the figure above, will be better described
in paragraph 5.3.5.3.

5.3.5.2 Policy, Relevant Standards and Directives

The iron and steel industry emissions are largely regulated. In Europe, there’s the Industrial Emissions
Directive (IED)” that regulates the standards applicable to airborne emissions as well as discharges to land
and water relating to industrial operations. Through this directive, the emission limit values that can be
obtained using the BATs have been imposed to become binding values. Within the framework of the IED
legislation, BREF documents (BAT Reference Documents) are produced and describe what are considered to
be the Best Available Techniques at the different process stages. In the following two tables are summarized

752010/75/EU. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32010L0075
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the limit values relevant for iron and steel production from the existing protocols and the related BAT-
associated emission levels.”®

Table 25: Limit values relevant for iron and steel production from the existing Protocols to the Geneva Convention

HM Protocol Gothenburg Gothenburg HM POP
1998 Protocol Protocol Protocol Protocol
1999/2005 2012 2012 2012

SOx Combustion of new: 400 400

coke oven gas existing: 800

Combustion of new: 200 200

blast furnace gas existing: 800
NOx Combustion of new: 200 new: 200

other gaseous existing: 350 existing: 350

fuels

Sinter plant 400 400
Particulate | Sinter plant 50 50
matter Palletisation plant 25 Crushing, grinding and

40 g/t pellets drying: 20
All other process steps: 15

Blast furnace 50 Hot stoves: 10

Basic oxygen 30

steelmaking

Electric 20 new: 5, existing: 15

steelmaking

Hot and cold 20,

rolling Bag filter not applicable: 50
PCDD/F Sinter plant 0.5 ng/m?

EAF plant 0.5 ng/m?

76 “BAT in the Iron and Steel Industry”, 2015.
https://www.unece.org/fileadmin/DAM/env/Irtap/capacity building/BAT Workshop 2016/7 BAT in the Iron and Steel Industr

y.pdf
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Table 26: BAT-associated emission levels from the UNECE Guidance Documents to the Gothenburg and the HM Protocol

BAT-associated emission level (mg/Nm?3)
Emissions source Control measure Dust
SSI00S SO8 . - Hg SO, NOX
GP HMP
. 300-
Bag filters 10-20 1-15 <500 400
. Advanced ESP <50 20-40
Primary
. wet waste gas
emissions S <100
i desulphurization
Sinter plant
SCR 100-
120
. <0.03-
Secpn'dary Bag filters <10 0.05
emissions
ESP <30
Crushing, grinding, drying <10 <20
Pellet plant Other process steps <10-15
scrubbing or semi-dry desulphurization <20
BF gas cleaning | Wet ESP / wet scrubber <10
Blast Hot stoves <200
Furnace Cast h )
as. . ouse Bag filter/ESP 1-15
emissions
Primary Dry ESP / bag filter 10-30
dedusting Wet ESP (existing plants) <50
BOF plant
Secondary Dry ESP 20-30 <20
dedusting Bag filter 5-15 1-10
Activated carbon + bag filter <5 <5 <0.05
EAF plant —
ESP (existing plants) <15 Not BAT

The limit values indicated in the two table above are compulsory from 2016. The European Commission
supports also the industry’s flagship ULCOS programme (Ultra—Low Carbon dioxide (CO,) Steelmaking)’’ that
involves a consortium of 48 leading players in industry and research, aims to reduce the CO, emissions of
today’s best routes by at least 50%. The first phase of ULCOS had a budget of EUR 75 million and has
earmarked four main processes for further development and will be deepened in the next paragraph.

The Commission, furthermore, suggests all policy measures to support the European steel sector to
overcome its serious challenges, largely due to global overcapacity. In this context, in 2016 was presented
the Communication “Steel: Preserving sustainable jobs and growth in Europe" in which are announced new
short-term measures that will strengthen the EU’s defence against unfair trade practices, as well as longer-
term action to guarantee the long-term competitiveness and sustainability of energy-intensive industries like
steel:”®

- Defence aqgainst unfair trade practices. The Commission is already imposing a record number of
measures to offset the detrimental effect of dumping, with 37 anti-dumping and anti-subsidy
measures in place on steel products (16 of which on steel imports from China). Moreover, the EC set
to adopt definitive safeguard measures on imports of steel that are intended to shield European steel
producers following the trade diversion of steel into the EU market from other producers around the
world as a result of the unilateral US measures restricting imports of steel to the American market:
the measures concern 23 steel product categories and will take the form of a Tariff Rate Quota (TRQ);

7Thttps://setis.ec.europa.eu/system/files/Technology Information Sheet Energy Efficiency and CO2 Reduction in the Iron an
d Steel Industry.pdf
78 http://europa.eu/rapid/press-release IP-16-804 en.htm
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for each of the 23 categories, tariffs of 25% will only be imposed once imports exceed the average of
imports over the last three years; these measures are imposed against all countries, with the
exception of some developing countries with limited exports to the EU and the European Economic
Area (EEA) countries (Norway, Iceland, and Liechtenstein).”

- Tackling the causes of global overcapacity. In addition to measures aiming to address global
overcapacity, the Commission is tackling the underlying causes of the problem at bilateral and
multilateral level with the EU's main partners (China, Japan, India, Russia, Turkey and the United
States).

- Investing in future solutions and technologies for a more competitive industry. At EU level, various
funds are available to support the steel industry on its modernisation path.

- Modernising the steel industry by investing in people: With the New Skills agenda, the Commission
aims to build a shared commitment to invest in people and their skills in close cooperation with
Member States and social partners. The European Globalisation Adjustment Fund and the European
Social Fund are available to support workers and their local communities, mitigating adverse social
consequences in the context of relocation.

- Focused policies in areas like competition, energy, emissions trading and the circular economy will
help the steel industry to thrive.

A key role in the policies adopted in the steel industry is held by the World Steel Association (WSA), an
international trade association with high public visibility. WSA members represent most of the globe’s
international steel outputs: it governs its activities by the standards of the strictest and most developed
antitrust principles, principally those of the United States and the European Union.%

5.3.5.3 Innovation trends in the sector (not from patents and projects)

In order to drastically reduce the overall CO, emissions from the production of steel, the development of
breakthrough technologies is crucial, some of which have already been mentioned in the previous paragraphs
and in this section they will be explained. Today, a large number of promising projects are ongoing in different
parts of the world. Some projects are in the early research stage while others are in pilot or demonstration
phase. Although their goals are similar, approaches differ and can be categorised as follows:?!

- Hydrogen as a reducing agent: It avoids carbon and uses hydrogen to reduce iron ore thereby
averting the creation of CO, and producing H,O (water) instead. Hydrogen already plays a role as a
reduction agent in DRI primary steel production, since the methane gas input is first converted to
syngas — which is a mix of H, and CO — and that syngas then acts as the reduction agent. Existing DRI
facilities could therefore be gradually converted to pure hydrogen rather than methane/syngas and
steel companies could replace existing BF-BOF plant with newly built hydrogen-based DRI.

- Carbon Capture and Storage (CCS): CO, streams can be captured and stored. The process involves
retrofitting steel plants with capture technology and requires the development of transportation
networks and access to storage sites.

- Carbon Capture and Utilisation (CCU): It uses the components of the co-product gases from existing
processes to produce fuels or input material for the chemical industry.

79 http://trade.ec.europa.eu/doclib/press/index.cfm?id=1892
80 https://www.worldsteel.org/about-us/antitrust.html
81 https://www.worldsteel.org/publications/position-papers/steel-s-contribution-to-a-low-carbon-future.html
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- Bioenergy: Using charcoal instead of coal as a feedstock for BF-BOF plants and biogas as an input to
DRI production.
- Electrolysis: It reduces iron ore using electricity.

The ULCOS programme, mentioned in the previous paragraph, has developed four steel decarbonization
processes:®

1. Top gas recycling blast furnace (TGR BF) — It is based on the separation of the off-gases so that the
useful components can be recycled back into the furnace and used as a reducing agent. Meanwhile,
oxygen is injected into the furnace instead of preheated air to facilitate CO, capture and storage
(CCS). The timeline to complete the demonstration programme is about 10 years, allowing further
market rollout after 2020.

2. Hisarna — The Hisarna technology combines preheating of coal and partial pyrolysis in a reactor, a
melting cyclone for ore melting and a smelter vessel for final ore reduction and iron production.
Market rollout is scheduled for 2030.

3. Gas based reduction — An advanced direct reduction process with CCS, called ULCORED, that involves
the direct reduction of iron ore by a reducing gas produced from natural gas in a shaft furnace. The
reduced iron is in a solid state and will need an electric arc furnace to melt the iron. An experimental
pilot plant is planned in Sweden, with market rollout foreseen for 2030.

4. Electrolysis of iron ore — Two electrolysis variants, ULCOWIN and ULCOLYSIS, which respectively
operate slightly above 100°C in a water alkaline solution populated by small grains of ore
(electrowinning process), or at steelmaking temperature with a molten salt electrolyte made of a
slag (pyro electrolysis). Both are tested at laboratory scale.

After having analysed the decarbonization options of the steel industry, it is possible to assign them a
technological maturity, comparing them with conventional options:

Conventional Applied at Technology to be
options industrial-scale sites applied in pilot sites

/- pregarwin O\ [ N

hydrogen as
feedstock

* Conventional BF-
BOF with CCS on
all exhaust gases

= Hisarna-BOF and
CCS on all
exhaust gases

= BF-BOF with
TGR, coke oven
gas rerouting and
CCS on all

\,\ exhaust gases / \ /

Figure 39. Technological maturity of decarbonization options (source: Energy Transitions)

Research phase

+ BF-BOF with
hydrogen as
feedstock

+ Electrolysis for
iron ore reduction

liquid ron in
AF or DRI m BF
or BOF)

82 “Steel and CO2 - the ULCOS Program, CCS and Mineral Carbonation using Steelmaking Slag”, J.P. Birat, 2011.
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5.4 CERAMIC SECTOR ANALYSIS

5.4.1 CERAMIC Market Demand and Supply Analysis

The term ceramics is used for inorganic materials (with some organic content), made up of non-metallic
compounds and made permanent by a firing process. In addition to clay-based materials, today ceramics
include a multitude of products with a small fraction of clay or none at all. Ceramics can be glazed or unglazed,
porous or vitrified.

Firing of ceramic bodies induces time-temperature transformation of the constituent minerals, usually into
a mixture of new minerals and glassy phases. Characteristic properties of ceramic products include high
strength, wear resistance, long service life, chemical inertness and nontoxicity, resistance to heat and fire,
electrical resistance and sometimes also a specific porosity.

Depending on the specific production processes, plants manufacturing ceramic products cause emissions to
be released into air, water and land (waste). The environment can be affected by noise and unpleasant smells.
The type and quantity of air pollution, wastes and wastewater depend on different parameters. These
parameters are, e.g., the raw materials used, the auxiliary agents employed, the fuels used and the
production methods.

The size of the overall market was assessed by comparing two different sources, which were found to be
similar. The market value of ceramics is estimated at 90 billion in 2018 and will grow with a CAGR of 8.6%

until 2030.8%# The major factors driving the market are the rise in use as an alternative to metals and plastics
and the growing demand in the medical industry. Asia-Pacific dominated the market across the globe with
the largest consumption from the countries of China and Japan.

The electronic and electrical industry dominated the market in 2018 and it is expected to grow during the
forecast period. It exploits a wide range of electrical properties of advanced ceramics, including insulating,
semi-conducting, superconducting, piezoelectric, and magnetic properties.

Increasing usage in photovoltaic modules, wind turbines, and pollution control applications and increasing
applications of silicon carbide and gallium nitride are likely to act as opportunities in the future.

As part of the Ceramic market, the global tiles market is driven by the growth in the construction industry,
owing to rapid expansion of the housing sector and increase in construction spending globally. Urbanization

83 https://www.grandviewresearch.com/industry-analysis/advanced-ceramics-market
84 https://www.alliedmarketresearch.com/ceramic-tiles-market
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and increase in population are expected to fuel the market growth. Ceramic tiles provide an aesthetic look,
sustainability, and better reliability, leading to increased demand in construction of large number of
buildings. The global ceramic tiles market growth is characterized by numerous opportunities to market
players, owing to rise in disposable income and rapid growth in the global economy.

GLOBAL CERAMIC MARKET

BILLIONS

—
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Figure 40. Global Ceramic Market

World Ceramic Production & Consumption (2016)
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Figure 41. World Ceramic Production and Consumption8>86

8 Source: Acimac “World Production And Consumption Of Ceramic Tiles”
8 Source: Ceramic World Review “Tecnargilla & Cersaie 2018”
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TOTAL TRADE BALANCE OF THE EUROPEAN
CERAMIC INDUSTRY 2005-2011
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Figure 42. European Ceramic market&”
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Figure 43. Tile production (EU-28)

The European ceramic industry is structured in sector ranging from construction products and consumer
goods to industrial processes and cutting-edge technologies®®.

Wall and floor tiles

Bricks and roof tiles

Refractories

Technical ceramics

Tableware
Sanitaryware
Abrasives
Clay Pipes

87 https://www.ceramfed.co.uk/uploads/popular_downloads/04ed1d019530eec2cfe5fd2f4e174a19bbd363ae.pdf

88 http://cerameunie.eu/ceramic-industry/facts-figures/
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The EU Ceramics Industry is a world leader in producing high quality ceramic products such as tiles, bricks,
sanitary ware, or vitreous clay pipes. The ceramic tile industry constitutes the biggest sub-sector in terms of

turnover among European general ceramic industries and is closely linked with the enamel frits, glazes and
ceramic colours manufacturers. Ceramic colours are preparations made of frits, ceramic pigments and
inorganic raw materials. Together with enamels, colours are the main components of the ceramic tile surface.
Pigments are used to provide colour solutions for several sectors like plastics, paint, construction materials,
and cosmetics industries, as well as other industrial markets. The global pigments market was worth $12.7
billion in 2015, and it is anticipated to grow at a compound annual growth rate (CAGR) of 4.5% through

2024.%°

Annual production value 2005-2011 in the ceramic industrial

40 sectors EU28
30
2
=
[SN]
= 20
2
E --'\____
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0
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mWall and Floor Tiles  m Technical Ceramics Tableware
M Sanitaryware Refractories Clay Pipes

M Brick and Roof Tiles ~ ® Abrasives

Figure 44. Ceramic industrial sectors production
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Figure 45. Global Pigment market

8 https://www.inkworldmagazine.com/issues/2017-03-01/view features/the-2017-pigment-report/
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5.4.2 CERAMIC and PIGMENT Industry Key Players

5.4.2.1 Key Countries

Leading the way in innovation and technology, ceramic manufacturers from the EU-28 account for 23% of
global ceramics production. With a production value in Europe of €28 billion, the leading Member States

producing ceramics are lItaly, Germany, Spain, France, the UK, Poland, Portugal and Austria. Ceramic

manufacturing is present in virtually all EU Member States.
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Figure 46. Top countries

The ceramic sector makes a positive contribution to the trade balance of the EU. Around 25% of EU-28
production is sold outside the EU, representing a positive input to the balance of trade. Total exports in 2011
were €7.2 billion while imports were €3.5 billion. This trend is on the increase with 2011 exports increasing
by 7.3% and imports decreasing by 5.9% compared to 2010.

Fixed around 30%, energy remains one of the highest production costs in the European ceramic industry,
where the energy mix is around 85% natural gas to 15% electricity. Over 1,000 ceramic installations are
covered by the EU Emissions Trading Scheme (ETS), representing more than 10% of all industrial installations
covered by the scheme

Asia is the largest regional geographic market for Pigments. It consumed 87,136 tonnes in 2018 and be worth
$2.36 billion. In contrast to Asia, Europe will have a value of $2.11 billion; though it will continue to lead
demand for some Hight Performance Pigments (HPPs), like metallics. After overcoming the negative impact
of geopolitical tensions in 2014 and 2015, especially in Eastern Europe, the market resumed stability in 2016
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supported by stronger EU consumer spending, investments in infrastructure and housing development, and
the healthy growth of the automotive sector in many European countries.

European consumption of HPPs will top 75,000 tonnes for the first time in 2018, almost a fifth of these are
complex inorganic coloured pigments (CICPs). Moderate growth will push this figure to 84,301 tonnes in 2023
with demand especially strong for CICPs. The European market for pigments continues to experience
different growth patterns and drivers. Germany is the largest national market for HPPs in Europe, with a
30.8% share by tonnage, followed by Benelux where with a 19.6% share. Germany’s market share will
increase to across 2018-2023 to 31.2%; but the highest growth rates will be seen in the less mature markets
of Russia and other Eastern European states. With Russia still importing around 80% of its HPPs the country
represents a key strategic priority for suppliers in Western Europe®.

Latin 1A‘xﬂ?ﬂlerica Market shares Pigments
0
Brazil Australia
MENA | | 3% 1%
5%

Asia

[+)

NAFTA 6%

22%

EU
32%

Figure 47. Market shares Pigments

The European ceramic sector is highly concentrated: In 2014, Spanish and Italian producers together sold

more than 78% of all ceramic wall and floor tiles in the EU, but the data show that ceramic industry is
competing on a global scale.

For example, it suffered during the last economic crisis in Europe due to drop in constructions, and between
2008 and 2013, total sales dropped by 23% from €12,259 million to €9,399 million. Yet, in the same period
sales outside the EU increased: from 27% in 2008 to 39.2% in 2013.

Ceramic is an Energy Intensive industry: many European ceramics producers keep plants out from Europe
(i.e. Russia or USA) for a cheaper cost of energy (e.g. in Russia, natural gas prices are ca. 78% cheaper than
the average price in the EU). As told, energy usually accounts for around 25-30% of total production costs,
even if this strongly depends on fuel prices, and the externalities behind them (e.g. political stability and
policies).

More specifically, wall and floor tile production require the use of a significant amount of thermal energy,
employed mainly in three stages: firing (55%), followed by spray drying (36%) and drying (9%).

% https://www.smithersrapra.com/resources/2018/july/global-outlook-for-high-performance-pigments
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Key Players

Tiles: Rankings of the top 26 world groups, the positions of the 3 largest tile producers keeps remaining
unchanged.

The American giant Mohawk Industries, Inc. remains firmly at the top of the rankings with an
estimated 2017 output of between 230 and 250 million sg.m. The US multinational is well ahead of
all its competitors, especially in terms of revenues. As of 31/12/2017, it reported sales of US $3,405
billion in the tile segment alone, equivalent to 36% of the group’s total revenues.

The Thai group SCG is in second place in terms of output volumes (187 million sq.m), but well behind
in sales revenues (709 million euros).

The Mexican group Lamosa increased its tile production to 171 million sg.m and registered revenues
at 751.4 USD million (about 647 million euros). We remind that Lamosa strengthened its position as
the third largest world group and the leader in Latin America following the acquisition of the
Argentinian group San Lorenzo on 3 October 2016, with manufacturing facilities in Argentina,
Colombia and Peru®

Pigments: According to Nexant®, Clariant and BASF are global, leading and well-established pigment
producers and are focused on organic pigments and dispersions for all major end-markets: e.g. inks, coatings
and polymers, yet, they are each quite different pigments companies — based on pigment portfolio and end-
market focus.

In fact, BASF portfolio also brings with it a palate of CCIPS and pearlescent pigments which were acquired
from its Engelhard acquisition back in 2006. From its acquisition of Ciba in 2009, BASF also acquired a larger
portfolio of organic pigments. The end-market focus of both businesses also varies due to inter-company
relationships. Clariant Pigments has a strong offering in polymers due its masterbatch business while BASF is
more focused on coatings (particularly automotive coatings) where it is also active.

Pigments market structure

Selected producers Pigments produced
Inorganics Organics Specialities
Clariant L] L] ]
BASF oo NN [ 11 ]
DIC (incl. Sun Chemical) u L L L am
Heubach L] ] [ 1] nn
Ferro L] ] L] ]
Venator (ex Huntsman) L] ] L 1]
Lanxess L] ] ] L u
Altana (Eckart) ] [ 11}
Sudarshan (India) n (1] ]
Meghmani Organics (India) ]
Changzhou North American Chemical Group (China) (1]
Lily Group (Hangzhou Baihe Chemical) (China) L]

Figure 48. Pigments Key Players®!

91 https://www.nexant.com/resources/organic-pigments-landscape-challenges-producers-clariant-and-basf
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5.4.3 CERAMIC and PIGMENT Sector Descritpion:

5.4.3.1 Employment & global turnover

The European ceramic industry today employs over 200,000 people in the EU-27, around 80% of them in

SMEs. World-leading companies are headquartered in the EU and the industry develops highly skilled and
trained employees.

Almost 60% of jobs in the industry are related to the housing and construction sectors, sectors with an
important historical legacy in many European countries and which continue to contribute positively to the
local economy. Housing and construction represented almost 55% of the ceramic industry’s turnover in 2011
and supplies to other industries account for more than 30%°2.

5.4.3.2 Process Routes

The ceramic processing can be divided into three main steps: powder processing, shaping, and firing. Brick
manufacturing typically includes raw-materials shipping and storing before use. As logistics can of course
impact on costs, clustering is a good practice, and brick manufacturers are generally located near clay
deposits. For a brick formulation, one or more clays are needed.

The raw materials are ground and/or mixed in pug or roll mills. Bricks are then shaped by extrusion from
pastes, whereas for roof tile forming, uniaxial pressing is applied to a plastic body using different die designs
for several shapes and sizes. After shaping, excess moisture is evaporated by natural or forced drying. Finally,
firing is performed in intermittent kilns (mostly) or tunnel kilns (in modern brick plants). After firing, the
products are inspected, packed, and stored for later shipping. Gases originating from raw material
decomposition or burning out of organic matter and additives are released during the firing schedule before
the bodies are densified by sintering®.

Electric power is needed by almost all process. It is required by mechanical equipment, such as mills, presses,
extruders, and glazing machines, as well as for heating as dryers and kilns need electric power. Particularly in
firing processes, heat is usually generated from fossil fuels. These can be solid (such as coal or biomass), liquid
(such as liquefied petroleum gas (LPG)), or gaseous (such as natural gas (NG)). Excess heat from hot gas
emissions, may be eventually recovered for drying or preheating purposes, increasing energy efficiency.

Clay proportioning A Pugging Rolling Mixing

N}

Pressing (roof tiles)

e . .r

Firing Drying Extrusion Extrusion (bricks)
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18§

RRARRIE
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Figure 49. Ceramic brick process 3

92 https://ec.europa.eu/growth/sectors/raw-materials/industries/non-metals/cement-lime _en
% https://www.sciencedirect.com/topics/materials-science/ceramics-processing
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Pigment processing: Inorganic pigments for the colouring of ceramics are produced through a reaction to
the solid state at high temperatures (700°-1400°). Below, all types of inorganic, organic and special pigments
are reported and associated to the field of application.

Pigment type Main applications Global
i demand
industrial » 5 outlook & SIS <
paints  coatings  coalings G i i (vs. GDP) Selection and characterization of raw materials
INORGANICS Il
Ti0, T . u s ®  m Personal care = S
Carbon black L] L] ] L] L] WEE Rubbertyres  mmp Dosage of components
Iron oxides L1 L L] L] ] L] & Cosmetics - [
mEm Concrete , —1
Zinc oxides - L] L] - L ® Personal care = x
Ultramarine . " N ® W Cosmelcs - Mixing: wet process - dry process
Mixed metal oxides [ [ L] n [T mEE Ceramics = Pl
ORGANIC
Azo pigments s s " .. sss = = Calcination (700°-1400°)
Polycyclic pigments [T] [ T] . [ T] [T ] = *L
SPECIAL EFFECT PIGMENTS S84
Effect pigments [ [ L] (LT} [ L] L] mmm Cosmetics o o . )
(pearlescent etc.) Grinding: Wet process with washing - dry process
Functional pigments [ (TT] a [ [ W Electronics -
(e.g. unﬁ-comton)_

Figure 50. Pigment type and processing

Pigments are largely sold as dry powder (e.g., approximately 70% of Clariant sales volumes).
These pigments are then formulated as dispersions with other additives.
e Coatings (in the form of paints and inks) are the largest market for colour pigments, representing
more than half of demand.
e Other applications depend on the type of pigment but include higher volume concrete, ceramics and
other building materials, plastics as well as lower volume but higher value cosmetics and other high-
purity applications.

Paint and ink

Liquid colorants
Chemical Pigments b manufacturers
intermediated production
-
--

Dry Powder

Paint and ink
manufacturers

Figure 51. Pigment Value chain

5.4.3.3 Cross-sectoral Value-chains

The ceramic industry is a complex network of businesses, mixing vertical and horizontal value-chains (supply
relationships and collaborative ones). Companies that produce ceramic tiles, needs materials supply from
producers of raw materials, glazes and inks and technology providers (manufacturers of machinery and
equipment). Numerous service companies are also needed (if not integrated into the company): e.g. graphic
studios for decorations; end-of-line processing to finish the final product with cuts, grinding and lapping;
display systems producers for the exhibition rooms and the sales points and of course suppliers of logistical
services.

Distribution channels are either direct sales network of the ceramic manufacturer (commercial agents), or
intermediaries that only deal with distributors. Distributors and retailers work with construction companies,
suppliers of glues and adhesives for tile laying, architects and designers to meet the expectations of end
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customers. By looking at the flow of materials in their path of transformation into ceramic tiles, we can see
this network of economic agents as an efficient supply chain that can also create value for the end customer.
In fact, each operator belonging to the supply chain creates value in the network thanks to the collaborative
relationships between technology and material suppliers and tile manufacturers in an open innovation
environment that increases the competitiveness of individual companies and the entire ceramic sector.

[ Glazes and inks } . [

Display systems ]
producers

producers

Graphics .
studies

Commercial
Machineries CERAMICS firms
producers MANUFACTURERS
Commercial
I agents
END-of-line -

| Raw materials (
producers 3
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Service providers

Logistics services
providers

supply relati
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Figure 52. Ceramic Tiles Value chain®*

5.4.3.4 Used Technologies
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There are two types of kilns for firing pigments. The first is the rotary kiln (adapted for firing pigments) similar
to the concept used for cement, and the other is the innovative vertical kiln.

However, there are other processes currently being tested for pigments firing, that have the potential to
reduce emissions and save energy. The following table lists these new pigment firing technologies with the

advantages and disadvantages compared to traditional technology.

®  Fast firing cycles (< 1h)
+ e Higher temperature Cpen SysisiE
Rotary Kiln ) e Reduced effect of mineralisers
® Energy savings . )
. . e No efficient fluid mass transport
® Higher automation . .
ot les (< 1h) Possible just where:
L] <
H?Sh Iring cycles e Solid state reactions
Vertical Kiln ° 18 ertem.perature predominant
® Energy savings ® Reactions kinetics is fast
® Higher automation
Fireless Processes Advantages Hindrances
e  Energy savings e Slow kinetics
. e Low temperature e Uncomplete reactions
Microwave . . . L .
e Better control on synthesis e Too fine particle size distribution
e Better control on particle size e Accelerate dissolution in glazes
M_ec_hanosynthesns o . e Many impurities from grinding
Milling of raw materials inside a very | ® Easy processing media
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attritor) for long time. The final phase refractory furniture .
- . . y . . . density powders)
composition is achieved without | e Fulfilment of particle size - . .
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alloying distribution
. More expensive raw materials
Easy processing i .
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. Need of consistent plant
requirements .
investment

Figure 53. Type of kilns and Fireless processes®>

%https://www.researchgate.net/publication/329043512 Lifecycle-
oriented design of ceramic_tiles in_Sustainable Supply Chains SSCs

9 SOURCE: INNOVATION IN CERAMIC PIGMENTS Institute of Science and Technology of Ceramic Materials
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5.4.4 CERAMIC and PIGMENT Industry Externalities (completing a PESTLE analysis)

5.4.4.1 Environmental and Societal Impacts

Ceramic in general is subject to ETS as intensive emitting industry. Indeed, the bricks and roof tiles,
refractories and wall and floor tiles sectors together emitted a total of 19 Mt CO; in 2010. Of these emissions,

66% were due to fuel combustion, with electricity and process emissions accounting for 18% and 16%
respectively .

Literature values of specific emissions for the conventional production of ceramic pigments (CP), (assuming
natural gas providing 1.5 kWh of thermal demand for producing 1 kg of CP):

In the last two decades, significant reductions in energy consumption have been made during production,
for example, through better kiln design and more efficient firing. Energy-saving innovations and materials
technology have focused mainly on replacing solid fuel with natural gas, scaling up and improving the
efficiency of kiln technology, and moving, where appropriate for the scale of operation, from intermittent
(batch) to continuous (tunnel or fast-fire roller kiln) technology. The ceramic industry is continuously
improving its energy efficiency where economically viable. The energy used to produce the bricks for a 1m?
brick wall decreased by 39% from 1990 to 2007. For one tonne of wall and floor tiles, the energy used
decreased by 47% from 1980 to 2003. By changing from a twice-fired process at conventional firing
temperatures to a single firing process at reduced firing temperatures, one UK hotel tableware producer
reduced emissions by 79% compared with similar products. High-performing and durable ceramics must be
fired at high temperatures. As such, the most energy-intensive process in ceramic manufacturing is kiln firing
and, in some cases, the drying and shaping processes.

CO, emitted during 2010 aggregated for the bricks and roof
tiles, refractories and wall and floor tiles sectors

Electricity
18%

Process emissions
16%

Fuel
66%

Figure 54. CO, emitted during 2010

A general approach of CO; reduction starts with the identification of the main processes of emissions and
after that through good knowledge of processes and energy consumption try to reduce emissions. Through
results shown in the figure (Figure 45), firing and spray drying are the main processes of CO, emissions and
during these two processes 83% of CO; are emitted.
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Figure 55. CO, Cement process.%

The ceramics industry produces a large variety of different products for different applications.

Sub-sector Production Specific energy Energy Relative share
(ML) consumption consumption of energy
(GJh) (TJ) consumption

Bricks and roof tiles 55 238 130.9 38%
‘Wall and floor tiles 25 5.74' 143.5 42%
Refractory products 4.5 5.41 24.345 7%
Sanitary ware 0.5 20.88 10.44 3%
Vitrified clay pipes 0.7 6.10 4.27 1%
Table- and 43.46
ornamental ware 0.5 21.73 6%
Technical ceramics 0.15 3472 5,208 2%
Expanded clay 3.0

aggregates (2002)
Inorganic bonded 0.04

abrasives (2003)
Total 340 100%

! Cerame Unie indicated that this figure only includes drying and firing

Figure 56. Specific consumption for different sectors®’

% Source: CO2 Emission Calculation and Reduction Options in Ceramic Tile Manufacture-The Foshan Case
97 https://ec.europa.eu/clima/sites/clima/files/ets/allowances/docs/bm _study-ceramics en.pdf
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5.4.4.2 Policy Relevant Standards and Directives

The BAT98 Reference Document (BREF) entitled ‘Ceramic Manufacturing (CER)" reflects an information

exchange carried out under Article 16(2) of Council Directive 96/61/EC (IPPC Directive).

Depending on the specific production processes, plants manufacturing ceramic products cause emissions to
be released into air, water and land (waste). Additionally, the environment can be affected by noise and
unpleasant smells. The type and quantity of air pollution, wastes and waste water depend on different
parameters. These parameters are, e.g. the raw materials used, the auxiliary agents employed, the fuels used
and the production methods:

e emissions to air: particulate matter/dust, soot, gaseous emissions (carbon oxides, nitrogen oxides, sulphur
oxides, inorganic fluorine and chlorine compounds, organic compounds and heavy metals) can arise from the
manufacture of ceramic products.

* emissions to water: process waste water mainly contains mineral components (insoluble particulate
matter) and also further inorganic materials, small quantities of numerous organic materials as well as some
heavy metals.

* process losses/waste: process losses originating from the manufacture of ceramic products, mainly consist
of different kinds of sludge, broken ware, used plaster moulds, used sorption agents, solid residues (dust,
ashes) and packaging waste.

 energy consumption/CO, emissions: all sectors of the ceramic industry are energy intensive, as a key part

of the process involves drying followed by firing to temperatures of between 800 and 2000 2C. Today natural
gas, liquefied petroleum gas (propane and butane) and fuel oil EL are mainly used for firing, while heavy fuel
oil, liquefied natural gas (LNG), biogas/biomass, electricity and solid fuels (e.g. coal, petroleum coke) can also
play a role as energy sources for burners.

The table shows BAT emission levels for gaseous inorganic compounds from flue-gases of kiln firing processes
by applying a combination of primary measures/techniques and/or secondary measures/techniques.

Parameter BAT-associated emission level (mg/N m?)

HF 1-10
HCL 1-30
502 500-2000
DUST 1-20

Figure 57. BAT emission level

The ranges depend on the content of the pollutant (precursor) in the raw materials, i.e. for firing processes
of ceramic products with a low content of the pollutant (precursor) in the raw materials, lower levels within
the range are BAT and for firing processes of ceramic products with a high content of the pollutant (precursor)
in the raw materials, higher levels within the range are BAT AELs.

The higher BAT level can be lower depending on the characteristics of the raw material.

The higher BAT level can be lower depending on the characteristics of the raw material. Also, the higher BAT
AEL should not prevent the re-use of waste water. The higher BAT level only applies to raw material with an
extremely high Sulphur content.

98 https://eippcb.jrc.ec.europa.eu/reference/BREF/cer bref 0807.pdf
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5.4.4.3 Innovation trends in the sector

Energy Efficiency in Production In the last two decades, significant reductions in energy consumption have
been made during production, for example, through better kiln design and more efficient firing. Energy-
saving innovations and materials technology have focused mainly on replacing solid fuel with natural gas,
scaling up and improving the efficiency of kiln technology, and moving, where appropriate for the scale of
operation, from intermittent (batch) to continuous (tunnel or fast-fire roller kiln) technology. The ceramic
industry is continuously improving its energy efficiency where economically viable.

Fuel Emissions - Energy efficiency is the most obvious way to reduce fuel emissions. Energy consumption can
be further reduced if improved kilns, dryers, thermostats and seals are installed and by implementing
automated controls. Heat savings can be achieved by improving thermal insulation through the use of novel
refractory linings, coatings and other ceramic materials. As the life of a kiln can be more than 40 years and
represents major capital investment, it is not financially-feasible to routinely upgrade kilns before the end of
their life and replace them with more energy-efficient models. Recovery of excess heat is also widespread as
it reduces fuel consumption. This can be done by capturing kiln gases in order to preheat the combustion or
dryer air. Smart design of manufacturing facilities is also a key factor because the physical distance between
the different processes, e.g. firing and drying, can account for energy savings. Electrification of kilns using
low-carbon electricity could be an option to reduce fuel emissions, particularly for large kilns making bricks,
roof tiles, wall and floor tiles. However, this option is not currently economically-viable due to the
significantly higher cost of power compared to natural gas.

Alternative Energy Sources - The continuous processes used in the ceramic industries all require
uninterrupted, secure and affordable fuel and electricity supplies as unplanned interruptions can cause
severe kiln damage resulting in shutdown and production loss for several months.

The ceramic industry predominantly uses natural gas as it is more energy efficient at the high temperatures
required to fire clay and other industrial minerals. Today, diesel, LPG, coal or coke are only used when mains
gas is unavailable. Across Europe, companies are now integrating alternative fuels and renewable electricity
into their energy mix. Several countries have started using renewable energy for some brick, roof tile and
clay pipe sites, but have encountered difficulties in obtaining planning permission for some of these
installations, particularly for wind turbines and energy from waste projects. Therefore, a favourable legal
framework is essential for waste to energy projects. Cogeneration has developed in Member States where
there are clear regulatory incentives for combined heat and power (CHP) generation. In 2012, there were
around 250 CHP plants mainly in Italy, Portugal and Spain with an average installed capacity of 3MW. Many
are micro-generation facilities with less than 1MW capacity. By producing electricity in addition to the heat
necessary for its low to medium-temperature needs, the ceramic industry contributes to the overall energy
efficiency of these Member States.

Process Emissions - Carbon dioxide emissions are not only related to energy consumption, e.g. fuel-related
emissions, but also to process emissions. Process emissions are carbon dioxide emissions caused by the
breakdown of carbonates in raw materials such as limestone, dolomite or magnesite. As these are inherent
in the raw material, these process emissions are a natural by-product of the firing process and cannot be
avoided. The amount of process emissions from clays differs depending on the composition of the minerals
and the local geology. The use of locally-available raw materials avoids long-distance transportation and
consequently higher CO, emissions. As such, it would not be environmentally-sound to relocate factories and
jobs to reduce process emissions.
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CCS - Carbon Capture and Storage (CCS) could be a solution to reduce CO, emissions in some sectors.
However, ceramic factories are more numerous, smaller in size and more widely-dispersed geographically
than, for example, those in the steel and cement sectors. The exhaust stream from ceramic plants is too CO,
dilute, too hot and contains too many other substances for efficient, cost-effective CCS at present. Until cost-
effective breakthrough CCS technology is developed on an appropriate scale for the ceramic sector, the
installation of CCS is likely to remain prohibitively expensive for some time after it is installed in other energy-
intensive sectors.

Emissions Related to Electricity Consumption - The ceramic industry is not classed under the EU ETS as
electro-intensive so it does not benefit from any electricity pass-through compensation. For some of the high-
temperature processes in the refractories and technical ceramics sectors, such as electric arc furnaces and
electric induction furnaces operating above 2000°C, there is a significant risk of carbon leakage outside
Europe. However, the electro-intensity of the ceramic sector is expected to rise towards 2050 as some
processes may shift from gas to electric firing. Moreover, increasing demands under the EU Industrial
Emissions Directive and other legislation may require more use of electrically powered equipment.
Therefore, some ceramic sectors will have significantly more electricity usage and may therefore become
vulnerable to job and carbon leakage as they are highly exposed to international trade.

Breakthrough
Technology

Requires Significant

Technologies Available today Pilot only
Development

On-site CHP
Process optimisation |
Energy management |

Raw materials formulation
changes for more efficient firing

New kiln design

Clay/raw material preconditioning

Heat exchanger in kiln stack

Low-temperature heat recovery
from kiln exhaust

On-site syngas and biogas
ccs |

Figure 58. Technological innovation trendss”

The push to decarbonize electricity in Europe will reduce the ceramic industry’s indirect emissions from
electricity but will not be sufficient to adequately decrease its emissions by 2050. Most emissions in ceramic
production arise from fuel and more radical steps and breakthrough technologies are required. There also
remains the major challenge of process emissions reduction in some sectors. The cost of adaptation will
significantly affect the global competitiveness of the ceramic industry.
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Sources of CO, Emissions (Mt)
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Figure 59. CO; emission reduction between 2010 and 2050

The Cerame-Unie emissions reduction model assumes a constant level of production between 2010 and 2050
with a similar product mix and that the emissions are for constant and near-full kiln load and production
levels. It should also be noted that the lower 2010 level of production is affected by the consequences of the
economic crisis®’.
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6 PROJECT POSITIONING — PRELIMINARY ANALYSIS

DESTINY aspires to introduce the “first-of-a-kind” high temperature microwave processing system at

industrial level, offering a variety of vital benefits to energy intensive sectors: reduced energy consumption,
lower lifetime operating costs and enhanced sustainability profile.

As main product, DESTINY will release a container-size mobile microwave-powered plant targeted to 3
energy-intensive sectors working on solid materials: cement, steel and ceramic. The project proposes to
exploit fluidized bed transport, microwave heating and real-time process monitoring and control for
calcination of new pop calcined clay for low clinker cement (cement sector), intermediate steel and zinc
product from recycling (steel sector), and high added value ceramic pigments (ceramic sector).

- CERAMIC CEMENT | STEEL___ |

Product Pigment Calcined Clays Pig iron and zinc recycling
SECTOR Ceramic Cement Steel
Temperature (°C) 1000 750 1000
PROCESS Calcination Dehydroxilation Roasting
Microwave absorption capacity Maoderate absorber Very low absorber Good susceptor
SYSTEM Fluidised bed/rotary Fluidised bed Fluidised bed/rotary
Current TRL 4 4 4

Final TRL 6 6 6

Target for validation in DESTINY 20 kg/h 20kg/h 10kg/h
Capacity at industrial level per MW cell* 130 kg/h 130 kg/h 67 kg/h
Number of cells per module (rate 1t/h)* 8 8 15

DEMO SITE KERABEN KERABEN DK
Industrial end-user ALFARBEN CEMEX DK

*referred to standardised 100 kW power generator were DESTINY will be focused.

Figure 60. Project Pilots concept

At the core of DESTINY’s Value Proposition there is a new MW-based kiln concept. On top of the MW-kiln,
DESTINY’s main exploitable results were identified as:

= Plant Technology:

= ECO-Products and on-site services: new and customized high added value products making it possible to
adjust production to low volume demanded amounts using portable facilities.

= Derived Technical Solutions: solutions for controlling and Virtual Sensors for microwave systems can be

2

offered to laboratories or industrial customers related to microwave treatment of materials.
Expert training: Research and academic institutions within DESTINY will take advantage of the knowledge
created, in order to establish, train and explore a network of broker consultants to offer as a service to
industry
At proposal stage preliminary business cases were already presented both for cement and ceramic. As a
summary:

e CERAMIC: the project will generate a new family of ECO-PIGMENTS with a significant reduction in
the embodied content of CO,, following a cut in energy needed per kg for heating and transporting
(i.e. loading, moving raw materials) by 50% [kWh/kg] and a payback time for the technology
decreased by 23%.

e CEMENT: a new formulation will be tested to define a new ECO-CEMENT based on CC and with a 11%
decrease (or a similar for worst cases) of the payback time for a kiln investment. The average thermal
energy consumption [kWh/kg] is cut by 64%. Again, a small price increase for the final product can
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be justified with the ECO character and the on-site production business model allowed by the
container size of the DESTINY units.

e  STEEL: DESTINY Microwave Kiln technology aims to produce steel intermediate products, such as pig
iron and zinc by-products, to feed the final steelmaking technologies (EAF and BOF). Yet DESTINY has
no direct reference process for the treatment of steel residues and will provide a product of a new
quality, i.e. agglomerated and with partly reduced content of iron oxides, corresponding to iron ore
sinter or iron ore pellets but with much higher degree of reduction (30-70%). On the economic side
the comparison however is not straightforward. Three effects should be noted: (1) due to the local
processing of residues by DESTINY brings the opportunity to directly use the hot DESTINY product in
subsequent processes to maximise energy efficiency; (2) since the heating energy in the DESTINY
process is provided by MW instead of fossil fuels it is obvious that the CO, emissions can be
extensively decreased; and (3), the recycling of ZnO as by-product of the DESTINY process provides
an additional advantage, since the energy consumption of the conventional zinc recycling by the
Waelz-process is significant (140kg coke/t raw material).

Below, a business (lean) model canvas for MW-kiln is reported. It is just a scratch version that will need WP6
tasks to go on in order to be completed and expanded (task 6.2): new business models will be studied with
the value-chains, being the archetypes of servitisation and decentralization models to be explored.

Indeed, DESTINY could also mitigate the bullwhip effect of complex value-chains, thanks to its characteristic
of being able to adapt production to market demand. Task 6.2 will take over this analysis and proceed with
the next stakeholder analysis, combining it with the market description from this report to assess the
business potential of the project.

PROBLEM G SOLUTION UNIQUE VALUE UNFAIR CUSTOMER
List your top 1-3 Outline a possible solution PROPOSITION ADVANTAGE { SECMENTS
problems. for each problem. Single, clear, compelling Something that cannot List your target and users.
New MWteChnOng message that states why you easily be bought or copied s
. 2 providing: are different and worth paying o * CERAMIC Pigments
* High carbgn~fossn| fuel + Reduced energy attetion. . Indust(lal producers
consumption consumption New portable and modular expertise + CEMENT calcinated
* Pro@uct.lon is not « Lower lifetime operating MW-based kiln cell * Patents granted clays producers
flexible:Large Plants and s concept + STEEL RECYCLERS
need for large + Enhanced sustainability intermediary
productions profile products from

* High OPEX and CAPEX recycling (zinc and

KEY METRICS CHANNELS pig-iron)
List the key numbers List your path to

that tell you how customer (inbound or

EXISTING ﬁ% your HICH LEVEL - EARLY
ALTERNATIVES i, CONCEPT ’r. ADOPTERS e
List how these problems + +30% energy efficiency List your X for Y analogy List the characteristics
are solved today * +30% resource efficiency (e.g. YouTube = Flickr for videos) ? of your ideal customers

s Firhaces * <-45 % emission reduction «MW owen for [ndustrys .

! Raaryais : uncrocse ?

* Efficient with 50% .
oscillation due to RES

COST STRUCTURE % REVENUE STREAMS &
List your fixed and variable costs List your sources of revenue

Generation of new business models
for on-demand local production

? ?

Figure 61. Scratch Lean model canvas
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7 RESULTS & CONCLUSIONS
7.1  RESULTS OVERVIEW

This deliverable includes a preliminary study as a base for the value-chain, technological ad business analyses
to come during the DESTINY project.

By cross-checking many different sources, the report represents a unique one-stop-shop overview of cement,
ceramic and steel markets including Political, Environmental, Social, Technological and Economic dimensions
in one multi-sided document.

7.2  CONCLUSIONS AND NEXT STEPS

Stemming from the analysis of the innovation background and the supply-chain descriptions in this
document, in the next period the Stakeholder Analysis will start and a through validation phase will be
completed with the industrial partners within the consortium, to use this market framework for assessing
the potential of the project and produce a complete technology and business study, via a knowledge-based
intelligence.
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