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In this master’s thesis, the carbon footprint of a scrap metal recycling company, Romu
Keindnen, is calculated, and the pathway towards carbon neutrality is developed. The carbon
footprint is calculated following the GHG Protocol, and in addition to scope 1 and 2
emissions, a broad range of emission sources in scope 3 is included. Based on the results,
GHG emission reductions are planned. A carbon roadmap is designed to illustrate the
timeline of implementing emission reduction methods to achieve carbon neutrality in scopes
1 and 2 by 2035.

The carbon footprint of Romu Keinénen was in total 4234.5 t COze in 2025. Per tonne of
processed material, the result was 59.6 kg COze/t. Scope 1 emissions covered 26.5 % of total
emissions, including GHG emissions from fuels used in the company’s vehicles and work
machines. GHG emissions from purchased electricity were the only emission source in scope
2, and it was 12.8 % of total emissions. The rest, 60.7 %, of total emissions were classified
as scope 3 emissions. The most significant emission source of the company was the
management of waste generated in the production phase. It covered 33 % of total emissions
and 55 % of scope 3 emissions.

The recommended emission reduction methods in scopes 1 and 2 are substituting fossil fuels
with biofuels, the electrification of vehicles and work machines, and purchasing emission-
free electricity. Also, adding the company’s own renewable energy production is considered.
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Tassd diplomityossd lasketaan romumetallin  kierrdtysyrityksen, Romu Keinésen,
hiilijalanjdlki ja kehitetddn etenemispolku kohti hiilineutraaliutta. Hiilijalanjilki lasketaan
GHG-protokollaa hyddyntéen ja siihen siséllytetiddn laajasti Scope 3 -pédéstolahteitd Scope 1
ja 2 -paastdjen lisdksi. Tulosten pohjalta suunnitellaan padstovihennyskeinoja. Hiilitiekartta
on suunniteltu kuvaamaan péadstovihennyskeinojen kéyttoonoton aikataulua, jotta
hiilineutraalius saavutetaan Scopeissa 1 ja 2 vuoteen 2035 mennessa.

Romu Keindsen hiilijalanjilki oli yhteensd 4234,5 t COze vuonna 2025. Tonnia kisiteltyé
materiaalia kohti tulos oli 59,6 kg COze/t. Scope 1 -pdidstot muodostivat 26,5 % koko
padstoistd sisdltden yrityksen ajoneuvojen ja tydkoneiden polttoaineiden pédstot. Ostetusta
sdhkostd johtuvat pddstdt olivat ainoa pddstoldhde Scopessa 2 ja sen osuus
kokonaispaistoistd oli 12,8 %. Loput 60,7 % kokonaispdistoistd kuuluivat Scope 3 -
padstoihin. Yrityksen merkittdvin padstdldhde oli tuotannossa syntyvén jitteen kisittely,
joka kattoi 33 % kokonaispédstdistd ja 55 % Scope 3 -péadstoista.

Suositellut pédstovahennyskeinot Scopeissa 1 ja 2 ovat fossiilisten polttoaineiden
korvaaminen biopolttoaineilla, ajoneuvojen ja tyokoneiden sédhkodistiminen ja padstottoman
sahkon ostaminen. Lisdksi tarkastellaan my0s oman uusiutuvan energian tuotannon
lisdémista.
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Roman characters

a year
C Celsius

CH4 methane

CO2 carbon dioxide
COze carbon dioxide equivalent
E energy

g gram

GJ gigajoule

H heating value
kg kilogram

km kilometer

kWh kilowatt-hour
kWp kilowatt-peak

1 liter

m’ cubic meter

MJ megajoule
MWh megawatt-hour
N20 nitrous oxide

t tonne

TJ terajoule

tkm tonne-kilometer

AV/ volume



Greek characters

n efficiency %

p density kg/m?
Abbreviations

BAT Best Available Technique

BREF Best Available Techniques Reference Document
CEAP Circular Economy Action Plan

CSRD Corporate Sustainability Reporting Directive
ECS Eddy Current Separation

ELV End-of-Life Vehicle

EMS Environmental Management System

EoL End of Life

EPR Extended Producer Responsibility

ERP Enterprise Resource Planning

ESRS European Sustainability Reporting Standards
EU European Union

GHG Greenhouse Gas

GWP Global Warming Potential

HVO Hydrotreated Vegetable Oil

ICT Information and Communications Technology
ISO International Organization for Standardization

LIBS Laser-Induced Breakdown Spectroscopy



LME

PRO

PV

SBS

SBT

SBTi

XRF

London Metal Exchange

Producer Responsibility Organization
Photovoltaic

Sensor-Based Sorting

Science-Based Target

Science-Based Targets initiative
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1 Introduction

Climate change is one of the biggest challenges in the world. The global average temperature
is rising, which has serious consequences for nature, wildlife, and biodiversity. Extreme
weather events, such as floods, storms, and droughts, are consequences of climate change.
In addition, rainforests are dying, and sea levels are rising due to melting glaciers. These
consequences will threaten human lives and health, and the functioning of nature around the
world. It will have a negative impact, for example, on water availability, food security, and

safety. (WWF n.d.)

The average temperature has increased 1.42 °C globally since the Industrial Revolution, and
the temperature is higher than in the last 100 000 years. The temperature can shift naturally,
for example, due to changes in the Sun’s activity or volcanic eruptions. However, current
global warming is driven by increased atmospheric greenhouse gas (GHG) concentrations
caused by human activities. The main reason for the increased amount of GHG is the use of
fossil fuels. Burning oil, natural gas, and coal releases a huge amount of GHG emissions and
accelerates climate change. Also, deforestation and farming increase the concentration of

GHG emissions in the atmosphere. (United Nations n.d.a; WWF 2024.)

To limit global warming and reduce its consequences, actions must be taken. Climate change
mitigation means reducing and preventing GHG emissions, which can be achieved by
transitioning from fossil fuels to renewable energy sources, improving energy efficiency,
changing agricultural practices, and conserving forests and critical ecosystems (UNDP
2023). To measure the climate impacts of a product, a company, or a person, a carbon
footprint can be calculated. Carbon footprint calculations aggregate the generated GHG
emissions during the whole life cycle into one unit, carbon dioxide equivalent (COze).

(Scrucca 2020, 1.)

Metal production is an energy-intensive process. The extraction and processing of metals
cover approximately 10 % of the global GHG emissions, of which steel production is the
most significant emission source. On average, GHG emissions from the primary production
of steel are 1.8 t COze per tonne of steel (Holappa 2020, 1). Metal production not only has a
significant impact on climate change, but also on the release of toxic emissions, biodiversity

loss, and water and land use. In the future, the demand for metals is expected to increase due
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to the growth of population and economy. Additionally, the green energy transition from the
use of fossil fuels towards renewable energy requires more metals. Even though GHG
emissions from low-carbon electricity generation technologies, such as wind power,
photovoltaics (PV) and batteries, are lower, the demand for metals is higher than in the use

of fossil fuels. (Hertwich et al. 2020, 18-20.)

The recycling of scrap metals is central to a functioning circular economy of metals. Scrap
metal recycling increases material efficiency and significantly decreases the demand for
energy and primary sources, thereby reducing the risk of raw material depletion.
Consequently, GHG emissions and costs can also be reduced. (Groman et al. 2022, 1-2;
Hageliiken & Goldmann 2021, 539-540.) The GHG emissions of recycled metal can be up
to 60-95 % lower than those of metals extracted from the ores, depending on the metal type

(EuRIC 2022).

Scrap metal recycling companies collect and sort scrap metal as part of the recycling process.
Scrap metal is collected from companies and individuals and taken to scrapyards, where it
is sorted. Sorting can be performed manually, using machines, such as material handlers, or
by using different separation techniques, such as magnetic or eddy current separation. Metals
can also be processed by cutting, baling, or shredding before selling them to customers.

(Metallivélitys Résédnen 2026.)

In Finland, only a few scrap metal recycling companies have calculated their carbon
footprints. The inclusion of scope 3 emissions sources is quite limited in many calculations.
This thesis aims to provide a calculation model for a scrap metal recycling company,
including a broad range of considered scope 3 emissions. Based on the carbon footprint,
GHG emissions reductions can be planned. At the time of writing the thesis, only the reduced
amount of GHG emissions of a certain green investment has been reported, and reduction
methods have been suggested, but a whole pathway to carbon neutrality of a scrap metal

recycling company has not been published.

In this thesis, a scrap metal recycling company, Romu Keinénen, will be used as a case. The
carbon footprint of the company in 2025 will be calculated, including all significant scope 3
emission sources that can be affected by the actions of the company. The results can be used
in reporting to customers, investment plans, and modelling a carbon roadmap towards carbon

neutrality. In addition, a calculation tool is provided to Romu Keindnen to simplify the
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calculation process in the following years. The limitations and assumptions of the calculation
are defined to make the results comparable. The goal of Romu Keinédnen is to be carbon
neutral in scope 1 and 2 emissions by 2035. Therefore, different GHG emission reduction
methods are analysed, and a carbon roadmap towards carbon neutrality is developed. The

research questions of this thesis are:

- How can the carbon footprint of a scrap metal recycling company be calculated?
- How can GHG emissions of a scrap metal recycling company be reduced cost-

efficiently to achieve carbon neutrality?

In the second chapter of this thesis, the climate policy framework behind the need for carbon
footprint calculation and emission reductions is explained. Also, the carbon footprint
calculation process and standards related to the topic are introduced in addition to the
Corporate Net-Zero Standard, which explains the pathway of a company towards net-zero.
In the third chapter, the focus is on the metal recycling process, and in the fourth chapter,
the impacts of metal recycling are analysed. In both sections, the topic is analysed both at

the level of the entire metal recycling process and the scrap metal recycling company.

The methodology chapter explains the methods used in the carbon footprint calculation and
designing emission reductions. The case company, Romu Keindnen, is also introduced.
Following that, the carbon footprint is calculated to solve GHG emissions per tonne of scrap
metal in scopes 1-3 in chapter 6. The results and uncertainties of the calculation are also
interpreted. After the carbon footprint calculation of the year 2025, methods to reduce GHG
emissions and a carbon roadmap to achieve carbon neutrality are presented in chapter 7. In
the discussion chapter, the sensitivity analysis is performed, the results are compared to the
carbon footprints of other scrap metal recycling companies, and recommendations are made.

In the end, conclusions are drawn.
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2 Climate policy frameworks and carbon accounting

standards

In this chapter, climate policy frameworks guiding scrap metal companies are presented in
2.1. In 2.2, the principles of carbon footprint calculation and the standards behind it are

introduced. Also, the Net-Zero Standard, which is used to achieve carbon neutrality, is

described.

2.1 Climate policy frameworks

There are many laws, agreements, and plans driving actions to fight against climate change
globally, in the European Union (EU), and nationally. The targets of mitigating global
warming, reducing GHG emissions, and preventing the consequences of climate change do
not have a direct impact on scrap metal recycling companies. However, these frameworks
show the overall direction of development. To achieve these targets globally and nationally,
the participation of the recycling sector is also required. In addition, certain climate policy
frameworks have a direct impact on scrap metal recycling companies, including the Circular
Economy Action Plan (CEAP), the Corporate Sustainability Reporting Directive (CSRD),
and the Extended Producer Responsibility (EPR). These frameworks are introduced in
subsections 2.1.1-2.1.3.

Generally, concerning GHG emission reductions, the most significant agreement is the Paris
Agreement, which was accepted in 2015. The goal of the Paris Agreement is to limit the
global temperature increase to well below 2 °C compared to pre-industrial levels and to try
to limit it to 1.5 °C. The agreement is legally binding, and 195 parties are committed to it.
(United Nations n.d.b.) To meet the target of the Paris Agreement in the EU, the European
Green Deal was developed. Its goal is to make the EU a clean, resource-efficient, and
competitive economy and the first climate-neutral continent by 2050. The European Climate
Law and the nationally binding Finnish Climate Act were enacted, based on the European
Green Deal. The European Climate Law aims for the EU to become climate-neutral by 2050

and to reduce GHG emissions by 55 % by 2030. The goals of the Finnish Climate Act are
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stricter. It aims for Finland to be carbon neutral by 2035 and focuses on strengthening carbon

sinks. (European Commission 2020; Act on Climate Change (423/2022) 2022.)

2.1.1 Circular Economy Action Plan

Circular Economy Action Plan (CEAP) is an important part of the European Green Deal.
This plan was launched in 2020 to change the traditional linear economy to a more
sustainable circular economy. The target is the same as in the European Green Deal, to make
the EU climate-neutral by 2050. In terms of the circular economy, the goal is to double the
circularity rate in the EU from 12 % to 24 % by 2030, which would make the EU the world

leader of the circular economy. (European Commission n.d.)

The CEAP includes initiatives to establish a sustainable product policy framework, aiming
to change consumption patterns. Thus, sustainable products, services, and businesses
become the norm, and waste generation is avoided. The focus of CEAP is on improving key
product value chains. These key products are electronics and information and
communications technology (ICT), batteries and vehicles, packaging, plastics, textiles,

construction and buildings, food, water and nutrients. (European Commission 2020.)

2.1.2 Extended Producer Responsibility

To promote the CEAP, prevent waste generation and make recycling easy and efficient, the
Extended Producer Responsibility (EPR) is introduced. ERP is based on the Waste Act. It
obligates producers of certain products to be responsible for the whole life cycle of the
product, including the End-of-Life (EoL) phase. These manufacturers, importers, packers,
and sellers producing products under the EPR are obligated to arrange waste management
for their products without any additional costs to consumers. This can encourage companies
to design more sustainable and easily recyclable products. Products under the EPR are
batteries and accumulators, vehicles, packaging, paper products, tyres, electrical and
electronic equipment and certain plastic products. (Finnish Supervisory Agency n.d;

European Commission 2025a.)

A Producer Responsibility Organisation (PRO) has been established to make managing the
EPR easier for the companies affected by it. The PRO takes care of the EoL phase of products



16

on behalf of the company, including collection, waste management, recycling, transportation
and reporting. (Finnish Supervisory Agency n.d.) Scrap metal recycling companies are part
of the implementation of the EPR. Many scrap metal recycling companies collaborate with
the PRO and are able to manage recycling of end-of-life vehicles (ELV), tyres, batteries and
accumulators or electrical and electronic equipment (Suomen Autokierrétys n.d; Suomen

Rengaskierritys n.d; kierrétys.info n.d).

2.1.3 Corporate Sustainability Reporting Directive

The Corporate Sustainability Reporting Directive (CSRD) was launched in 2022. It requires
large and listed companies to publish reports on the impacts of their actions on people and
the environment. CSRD lists the information about social and environmental sustainability
that businesses are obligated to add to their non-financial reporting. Thus, the transparency
and comparability of companies’ performances are increased. In addition to large and listed
companies in the EU, companies outside the EU must follow CSRD if their turnover in the
EU is over 150 million euros. (Directive (EU) 2022/2464 of the European Parliament and of
the Council 2022.)

The reporting of CSRD must follow European Sustainability Reporting Standards (ESRS).
ESRS is based on a double materiality perspective. It means that companies are obligated to
report both the impacts of their own activities on people and the environment, and the
impacts of social and environmental issues on the risks and opportunities of the company.
ESRS consists of 12 standards. The first two are cross-cutting standards, including general
requirements and disclosure. The rest are topical standards. The topics are environmental,
social and governance standards. The environmental standards include steps such as carbon
footprint and circular economy, the social standards deal with the workforce and affected
communities, and the governance standard focuses on business conduct. (European

Commission 2023.)

However, in 2025, a simplification package for CSRD, the Omnibus, was proposed. This
amendment aims to make sustainability reporting less burdensome and more efficient. That
would be achieved by simplifying the ESRS, reducing the scope of the CRSD, and
postponing the schedules of required reports. These changes aim to reduce the complexities

and burden for companies, which enables a more efficient and pragmatic transition to a
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sustainable economy for companies and facilitates investments. (European Commission

2025b.)

2.2 Regulation framework for carbon footprint calculation and GHG reductions

In this section, protocols and standards to calculate and reduce GHG emissions are
introduced. First, in 2.2.1, the basic idea of carbon footprint calculation is explained. In 2.2.2
and 2.2.3, the most important standards for carbon footprint calculation, the Greenhouse Gas
Protocol and the ISO-14064-standard, are presented. In 2.2.4, the Corporate Net-Zero

Standard is introduced as a standard for reaching carbon neutrality.

2.2.1 Carbon footprint calculation

A carbon footprint is a widely used indicator to measure environmental sustainability. It
calculates the produced GHG emissions during the whole life cycle of a product or a system.
It identifies the most significant GHG emission sources, and thus, the GHG emission
reduction potential can be analysed. The need for GHG emission reductions is increasing
continuously due to climate change and climate policies, and the carbon footprint is a tool
to measure them. The carbon footprint can be calculated, for example, for a product, an

organization, a city, or an individual. (Scrucca et al. 2020, 2-3.)

The amount of GHG emissions is usually expressed in one common unit, COe, in carbon
footprint calculations. To aggregate all different GHGs, the global warming potential (GWP)
1s used. GWP is an index measuring the radiative forcing of a substance accumulated over a
time period. It illustrates how long the substance remains in the atmosphere and how
effective it is. A common time frame is 100 years. Therefore, the GWP of different GHGs
is usually presented as GWPigo. Carbon dioxide (CO;) is used as a reference gas, and

therefore, its GWP is 1. (Srucca et al. 2020, 3; IPCC 2021, 228, 236.)

The calculation of the carbon footprint is done by combining the extent of human activities
and coefficients that illustrate the quantity of GHG emissions per unit activity. For instance,

in fuel combustion, the activity data is the amount of consumed fuel, and the emission factor
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is the amount of CO> produced per unit of fuel. (IPCC 2006, 7.) The calculation is shown in

equation 1.

Emissions = Activity data - Emission factor (1)

where emissions are the carbon footprint [CO-e¢], activity data is the measured activity in a

certain unit, and the emission factor, the coefficient quantifying the emissions [g COze/unit].

2.2.2 Greenhouse Gas Protocol

The Greenhouse Gas Protocol (GHG Protocol) is the most widely used standard for
measuring, managing, and reporting GHG emissions (GHG Protocol n.d). It provides
standards and guidelines for companies and organizations to develop GHG inventories,
including accounting and reporting. The first edition of the GHG Protocol Corporate
Standard was launched in 2001 by the World Resources Institute and the World Business
Council for Sustainable Development. The revised version was published in 2004. In 2011

and 2015, amendments to the standard were published. (GHG Protocol 2004, 2-3.)

According to the GHG Protocol, the main principles of GHG accounting and reporting are
relevance, completeness, consistency, transparency, and accuracy. Relevance means
ensuring that the GHG inventory represents the real GHG emissions of the company and
meets the decision-making needs. Completeness means including all GHG emission sources
and activities within the chosen inventory boundaries for accounting and reporting.
Consistency includes the use of consistent methodologies and documenting all changes to
the inventory, making results comparable over time. To achieve transparency, all relevant
issues must be addressed factually and coherently, and relevant assumptions and references
of calculation methods and data sources must be disclosed. Accuracy is achieved by ensuring
that the quantification of GHG emissions is correct and uncertainties are reduced as far as

practicable. (GHG Protocol 2004, 7.)

According to the GHG Protocol Corporate Standard, direct and indirect GHG emissions are

divided into three different scopes. Scope 1 includes a company's direct emissions. It
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accounts for all GHG emissions from sources owned or controlled by a company. Scopes 2
and 3 include indirect GHG emissions. Indirect emissions are produced due to the activities
of the company, but the emissions are produced at sources that are owned or controlled by
another company. Scope 2 accounts for emissions from purchased electricity, and scope 3
accounts for all the other indirect GHG emissions. According to the GHG Protocol,
emissions from scopes 1 and 2 should be accounted for and reported on separately. Reporting
on scope 3 is optional. In addition to scopes, companies can divide emissions further, for
instance, by units, countries, emission sources, or activity types to increase transparency and

comparability of facilities. (GHG Protocol 2004, 25-27.)

Scope 1 includes all direct GHG emissions produced by activities of the company. All
emission sources are owned or controlled by the company. Four typical emission sources in
scope 1 are electricity, heat or steam generation, physical or chemical processing,
transportation, and fugitive emissions. Emissions from the generation of electricity, heat,
and steam are produced from the combustion of fuels in stationary sources, such as boilers
and turbines. Emissions from physical and chemical processes include emissions from
manufacturing and processing chemicals and other materials. Emissions related to
transportation are from the combustion of fuels in vehicles owned or controlled by the
company. It includes transportation of products, materials, waste, and employees. Intentional
or unintentional releases are classified as fugitive emissions. These releases can be, for
example, equipment leaks, methane leaks during gas transportation or hydrofluorocarbon
emissions from the use of air conditioning and refrigeration equipment. Also, GHG
emissions from own-generated electricity are included in scope 1, even though the electricity
would be sold to other companies. It is treated similarly to other GHG-intensive products

sold. (GHG Protocol 2004, 27.)

Scope 2 accounts for indirect GHG emissions from purchased electricity. It includes GHG
emissions from electricity that is used in the company’s owned or controlled equipment and
operations but is generated elsewhere. Purchasing electricity may be one of the most
significant GHG emission sources for many companies, and therefore, it is also a major
opportunity to reduce GHG emissions. By accounting for these emissions separately in its

own scope, assessing risks and opportunities is easier. (GHG protocol 2004, 27.)

There is an amendment for the GHG protocol Corporate Standard, the GHG Protocol Scope

2 Guidance (2015), that defines two different methods to determine GHG emissions in scope



20

2. GHG emissions are allocated between location-based and market-based methods. The
location-based method tells the average emissions intensity of the grid from which the
purchased electricity is sourced. It is dependent on the location of the facility, so the buyer
can impact these emissions only by changing location. The market-based method reflects the
produced GHG emissions of a specific generator chosen by the company. These emissions
can be reduced by choosing a more environmentally friendly supplier or product. (GHG

Protocol 2015, 25-27.)

For Scope 3 emissions, a separate standard, the Corporate Value Chain (Scope 3) Accounting
and Reporting Standard, was published in 2011. Following this standard is not mandatory
for companies. However, Scope 3 emissions can account for the largest share of the total
emissions, and calculating them can identify opportunities to reduce the company’s overall

emissions. (GHG Protocol 2011, 5-6.)

Scope 3 emissions account for all the other indirect GHG emissions that are not defined in
scope 2, including both upstream and downstream emissions occurring in the value chain of
the company. Upstream emissions include indirect GHG emissions that are produced due to
purchased products and services, whereas downstream emissions are indirect GHG
emissions produced from products and services sold by the reporting company. All the
scopes and the sources of upstream and downstream emissions are shown in Figure 1 below.
Some of the categories of Scope 3 can be excluded from the GHG inventory, but a decision

must be disclosed and justified. (GHG Protocol 2011, 29-31.)
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Figure 1. Scopes and emission sources (GHG Protocol 2011, 31).

The reporting company has two different approaches that can be used to consolidate GHG
emissions. These options are the equity share and the control approach. Using the equity
share approach, the company accounts for GHG emissions from operations depending on its
equity share of the operation. The control approach means accounting for all GHG emissions
from operations that the company controls. The control can be financial or operational. If
the reporting company owns all its operations, the results from both approaches are the same.

(GHG Protocol 2004, 17.)

Some of the emissions might be accounted for by more than one company. This is called
double counting. The emissions in scope 3 occur from operations of other entities and are
therefore calculated by more than one company. However, double counting in scopes 1 and
2 should be avoided. The scopes are defined in a way that this should not happen, but due to
differences in the approaches of companies that hold interests in the same operation, double

counting may occur. (GHG Protocol 2011, 27; GHG Protocol 2004, 20.)

2.2.3 ISO-14064-1

ISO-14064 is an international standard for the principles and requirements of managing

GHG emissions. It consists of three parts: ISO-14064-1 focuses on organization-level GHG
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inventories, ISO-14064-2 sets principles and requirements for project emissions, and ISO-
14064-3 details the process of verifying and validating GHG statements. (SFS-EN ISO
14064-1:2019, 6-8.) In this subsection, the focus is on ISO-14064-1, which is the most

important standard for the carbon footprint calculation of a company.

ISO 14064-1 is a standard that specifies requirements and principles for calculating and
reporting GHG emissions and removals at the organizational level. It determines
requirements for different phases of a GHG inventory, including design, development,
management, reporting, and verification. The main principles of the standard are relevance,
completeness, consistency, accuracy, and transparency, ensuring that all relevant GHG
emissions and removals are included and the results are comparable and reliable. (SFS-EN

ISO 14064-1:2019, 9, 14-15.)

According to the ISO-14064-1, the organization must determine organizational and
reporting boundaries for the GHG inventory. The organizational boundaries must be defined
to determine which GHG emissions and removals are included in the GHG inventory. It can
include one or more facilities. The organization should use either the equity share or control
approach to determine organizational boundaries. These approaches are similar to those

defined in the GHG Protocol. (SFS-EN ISO 14064-1:2019, 15.)

Also, reporting boundaries must be determined and reported by the organization. Direct
GHG emissions and removals should be calculated separately for appropriate GHG groups,
such as CO2, methane (CH4), and nitrous oxide (N20), in the unit of COze. Also, indirect
emissions, included in the GHG inventory, and their significance for the intended use of the
inventory must be documented. The emissions are aggregated into different categories.
Direct GHG emissions and removals are collected in one category, and indirect GHG
emissions are separated into five categories: indirect emissions from imported energy,
transportation, products used by the organization, associated with the use of products from

the organization, and other sources. (SFS-EN ISO 14064-1:2019, 15-16.)

The four steps in the quantification of GHG emissions and removals are identifying GHG
sources and sinks, selecting a quantification approach, calculating GHG emissions and
removals, and a base-year GHG inventory. In the first phase, all relevant GHG sources and

sinks inside the determined reporting boundaries are identified and categorized into
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previously defined categories. Also, GHG sinks must be identified and documented if the

organization is quantifying GHG removals. (SFS-EN ISO 14064-1:2019, 17-18.)

A quantification approach should be selected considering accuracy, consistency,
reproducibility, and minimizing uncertainties. Also, technical feasibility and costs should be
considered. All made decisions related to the selected quantification approach, data
collection, and data sources must be documented. In the calculation phase, GHG emissions
and removals are calculated using the chosen quantification approach. Each GHG is
converted into unit COze using GWPs. To compare GHG emissions between years and meet
the requirements of GHG reduction goals, a base-year GHG inventory is needed. It means
quantifying emissions and removals over a specific time period that is used as a baseline. It
can be the result of the first GHG inventory or be calculated separately for a previous period
or an averaged value from multiple time periods. The base-year GHG inventory must be
reviewed, and a recalculation process must be developed. (SFS-EN ISO 14064-1:2019, 18—
19.)

The mitigation activities include initiatives, projects, and targets that are planned and
implemented to reduce GHG emissions and enhance removals. These can be related, for
example, to energy demand, energy efficiency, waste management, or GHG capture and
storage. According to ISO-14064-1, these mitigation activities are not mandatory, but if they
are done, all plans must be reported. (SFS-EN ISO 14064-1:2019, 19.)

The organization should develop GHG information management procedures to ensure that
the set requirements for the GHG inventory, such as accuracy and completeness, are met.
These needed procedures include, for example, identifying and reviewing organizational
boundaries, GHG sources and sinks, identifying errors and omissions, defining
responsibilities, and performing consistent checks. GHG inventory quality management also
requires developing procedures for keeping records and retaining documents. Also, the
uncertainty at the GHG inventory category level and with the quantification approaches must

be assessed and reported. (SFS-EN ISO 14064-1:2019, 20-21.)

A GHG report should be prepared by the organization, for example, due to GHG
programmes or the needs of external or internal users. The GHG report should include basic
information about the report, such as the purpose, intended use, responsibilities for

producing it, and the data and information it includes. In the ISO-14064-1, required,
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recommended, and optional information are determined separately. Thus, organizations can
decide how much information they want to include in the report. Direct GHG emissions and
removals in tonnes of COze, reporting period, description of the organization, reporting
boundaries, and uncertainties are examples of required information. Description of GHG
policies, strategies, and reduction initiatives, indirect GHG emissions, and GHG emissions
of the previous reporting period, instead, are not mandatory, but recommended additions to
the GHG report. Possible contractual instruments for GHG attributes, such as offsets and
other carbon credits, are reported separately as optional information. (SFS-EN ISO 14064-
1:2019, 21-23.)

2.2.4 The Corporate Net-Zero Standard

To limit global warming and to meet the target of the Paris Agreement, companies have
started to set net-zero targets. The first global science-based standard for that was published
in 2021 by the Science Based Targets Initiative (SBTi). SBTi is a corporate climate action
organization that helps companies to set GHG emission reduction targets to reach net-zero
by 2050 at the latest. The Corporate Net-Zero Standard of SBTi, also called Net-Zero
Standard, provides criteria, recommendations, and guidelines for setting net-zero targets

aligned with climate science. (SBTi 2025, 8-9.)

In the Net-Zero Standard, corporate net-zero is defined as reducing Scope 1-3 emissions to
zero or to a residual level that is consistent with reaching net-zero aligned with the 1.5 °C
pathway and permanently neutralizing all remaining GHG emissions at the net-zero target
year and thereafter. When long-term targets for GHG reductions for all scopes are achieved

and all remaining emissions are neutralized, a company can be called net-zero. (SBTi 2025,

12, 14.)

Key elements of the Net-Zero Standard are near-term and long-term science-based targets
(SBTs), neutralization of any residual emissions, and beyond value chain mitigation. Near-
term SBTs are GHG mitigation targets in line with 1.5 °C pathways. These targets are set
for 5-10 years. When reaching the target year, new near-term SBTs are set for the next 5—
10 years. Near-term SBTs are milestones on the way to reaching long-term SBTs, which tell
how much GHG emissions must be reduced to reach net-zero by 2050 at the latest. (SBTi
2025, 14.)
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Not all companies are able to become completely decarbonized. However, net-zero can be
achieved by neutralizing the remaining emissions. Neutralization means removing carbon
from the atmosphere and storing it to balance the produced, residual GHG emissions. The
neutralization must be permanent. Companies are also encouraged to mitigate GHG
emissions outside of their value chains to contribute to societal net-zero goals. It is not
mandatory to achieve net-zero, but companies and investments play a critical role in

achieving net-zero globally. (SBTi 2025, 12, 14-15.)

The process of setting SBTs can be done in different ways. However, SBTi provides a
recommended approach for companies. It consists of five steps, which are selecting a base
year, calculating the company’s emissions, setting target boundaries, choosing a target year,

and calculating targets. (SBTi 2025, 12, 21.)

In order to track emission performance consistently over the target period, a base year must
be determined. The selected base year should represent a typical GHG profile of the
company, its data must be accurate, and it cannot be earlier than 2015. Also, the base year
must be the same for all targets. After that, the GHG emission inventory of the company is
made, including at least 95 % of the company’s scope 1 and 2 emissions and a complete

inventory of scope 3. The calculation is made using the GHG Protocol. (SBTi 2025, 21-24.)

Target boundaries are set for near-term and long-term SBTs separately for scopes 1 and 2
and for scope 3. In both SBTs, the reduction in scopes 1 and 2 must be at least 95 %.
However, there are differences in the targets of scope 3 between SBTs. In near-term SBT,
the reduction must be 67 % if scope 3 emissions cover at least 40 % of the company’s total
emissions. In long-term SBT, the required reduction is 90 % for scope 3 emissions regardless

of its share of total emissions. (SBTi 2025, 24.)

The next step is choosing target years for SBTs. The target year of near-time SBTs is usually
set at 5—10 years from setting the target. The target year of long-time SBTs is the year when
the company pursues net-zero. It must be the year 2050 at the latest, but it can also be sooner.
After selecting the target year, SBTs are calculated. However, the required emission
reductions are only the minimum level. Companies are encouraged to be more ambitious

and set stricter targets. (SBTi 2025, 29.)
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3 Scrap metal recycling

Metals are a crucial part of a modern society. Infrastructure, vehicles, cables, and everyday
equipment demand different types of metals. The demand has been increasing since the
Industrial Revolution due to population growth and increasing standards of living. Metals
are also crucial for climate protection technologies, such as renewable energy production,
digitalization, and electromobility (Hageliiken & Goldmann 2022, 539). Global annual metal
consumption has tripled between 1970 and 2010 and is predicted to double or triple between
2011 and 2050. Therefore, it is important to increase material efficiency and develop a

sustainable recycling system for scrap metals. (EuRIC 2022; Wang et al. 2018, 1492.)

In this chapter, the scrap metal recycling process is described. In 3.1, the entire recycling
process of scrap metals is explained, including the steps of collection, separation, and
metallurgical recovery. In 3.2, the activities of a scrap metal recycling company are

presented to illustrate which steps of the scrap metal recycling process they cover.

3.1 Recycling process

There are many ways to increase material efficiency and thus reduce GHG emissions during
the life cycle of metals. At the beginning of the life cycle, GHG emissions can be notably
lowered with material choices and by using less material. In the use phase, extending the
lifetime of the product and increasing the intensity of the use can make an impact as well.
In the EoL phase, reusing, remanufacturing, and recycling are methods to reduce GHG

emissions. (Watari et al. 2021, 2.)

The main steps in the scrap metal recycling process are collection, sorting and separation,
and metallurgical recovery (Loibl & Tercero Espinoza 2021, 1-2). The first step of the metal
recycling process is collecting the metal scrap into recycling facilities. The next step is
sorting and separating the scrap metal, which begins with manual sorting or by using
mechanical equipment. Materials are shredded before the further separation process, in
which materials are separated by the metal type with technologies, such as magnetic or eddy
current separation. This is important for ensuring a needed standard of quality. Metallurgical

recovery means extracting metals from waste products, which can be made using high
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temperatures, chemicals, or electrolysis (Xi-guan 2024, 1). After processing and refining,
metal can be re-manufactured into new metal products. This closes the loop of the circular
economy when scrap metal is brought back to the use phase. (Shaolin 2024, 2.) The metal

recycling process is illustrated in Figure 2.

Figure 2. Metal recycling process.

3.1.1 Collection

To optimize the metal recycling process, large volumes of material are needed. Suitable
collection infrastructure and economic incentives are methods to make metal waste
collection more efficient and thus, avoid resource loss. With economic incentives, private
operators are encouraged to build collection infrastructure and collect metals separately.
Thus, recycling is made easy for customers, and the informal and illegal disposal of metals

can be avoided. (Reuter et al. 2013, 35.)

Metal waste is collected from households, industries, and construction sites (Shaolin 2024,
2), and it is divided into metal scrap and small metal items. Small metal items are collected
at housing cooperatives and eco take-back points. Larger scrap metal must be brought to
scrap metal facilities. All metal recycling is typically free for consumers. (HSY n.d.) Many
scrap metal recycling companies pay customers for the scrap based on its weight. This
encourages customers to recycle. Prices of scrap metal are determined using the scrap metal

market rates. Daily changing prices are based on the London Metal Exchange (LME) (LME
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n.d). Purer metals require less processing and therefore, the prices of scrap metal increase in

line with purity (Romu Keindnen n.d).

3.1.2 Sorting and separation

The first step in scrap metal sorting can be carried out at scrapyards manually or by using
mechanical equipment, such as material handlers. Many separation technologies require
small particle sizes, and therefore, scrap metal must be pre-processed before further
separation. Common methods for particle size reduction are shredding and cutting. (Reuter

etal. 2013, 94-99.)

There are different methods to separate different types of metal from metal scrap. The most
common ones are direct methods that separate one specific material from other materials by
using different properties of different metal types. Examples of direct methods are magnetic
separation, eddy current separation (ECS), wind-shifting, swim-sink separation, and
electrostatic sorting. Utilized properties in separation are, for example, density, magnetism,
and conductivity of metals. Indirect methods are contact-free, sensor-based separation (SBS)
methods that use computers to separate metals. The properties of the material used are

conductivity, colour, shape, and fluorescence. (Loibl & Tercero Espinoza 2021, 4-5.)

The first step in the separation of scrap metal is usually magnetic separation, which is a
simple process to separate ferrous metals from nonferrous metals and other materials.
Magnetic separation is done using strong magnets that attract ferromagnetic materials. Thus,
ferrous metals are captured by the magnet and extracted from the other materials. (Smith et
al. 2019, 150.) Magnetic separation is highly efficient, environmentally friendly, and has
low costs (Ku et al. 2024, 1,3).

ECS is usually used after the ferrous removal with the magnetic separation. ECS is a process
used to separate nonferrous metals from other materials, such as waste. In ECS, a time-
varying magnetic field is created, which induces electric currents in nonferrous metal
particles. Due to the relative motion between the magnetic field and the current, the
electromagnetic force, the Lorentz force, is created, which deflects the nonferrous metal

particle away from the material stream. (Smith et al. 2019, 150-151.)
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Wind-sifting and swim-sink separation methods utilize the density of different materials.
This can be used to separate lighter materials, such as plastic or paper, from metals. These
are called dry and wet classifications, depending on whether the particles are in air or in
water. The material stream is directed to a pool full of water or to a vertical tunnel, in which
air is blown from the bottom. Heavier particles will fall or sink to the bottom, and lighter
particles will float or flow further. These separation methods are environmentally friendly

and have low costs. (Alade & Bada 2023, 3419634197, Bauer et al. 2018, 1783—-1784.)

Electrostatic separation is based on the electrical conductivity of materials. It is usually used
to separate metals from other materials by using the influence of an electric field. In
electrostatic separation, an electric field is created, which separates charged particles.
Materials are led over to a grounded, rotating drum, and due to differences in conductivity,
materials act differently over it. Metals are conductive materials and therefore, metal
particles discharge quickly over the drum and are thrown away from the grounded drum.
The charged non-conductive particles, instead, are attracted to the grounded surface and stay

close to the drum. (Wedrychowicz et al. 2023, 12.)

In SBS, sensors detect material properties and send signals to computers that analyse
properties and lead materials to the right material stream. Some measurements are made
from the surface of a particle, and therefore, materials may need to be cleaned before
separation to avoid problems caused by surface contamination. SBS demands particles to be
isolated and precisely located. Therefore, it is usually located after other separation processes

to increase the recycling rate. (Loibl & Tercero Espinoza 2021, 4-5.)

There are different kinds of sensors that are used in SBS individually or at the same time as
a hybrid system. Cameras and a scale are used to measure the colour, shape, and weight of
the particle. X-ray fluorescence (XRF) is measured to determine different alloys. XRF
spectroscopy uses an X-ray beam to excite atoms of the particle and analyses the
concentration of caused secondary fluorescent emissions, whose intensity is dependent on
the concentration of different elements (Shackley 2018, 2). Laser-induced breakdown
spectroscopy (LIBS), instead, uses laser pulses to analyse the elemental composition of the
particle. The laser ablates a small amount of the surface into plasma. When plasma has
cooled, it shows atomic-emission lines of each element that can be analysed with a

spectrometer (Mputu Kanyinda et al. 2020, 136-137.) LIBS analyses only the composition
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on the surface of the particle as opposed to XRF, which analyses the whole particle. (Loibl
& Tercero Espinoza 2021, 4-5.)

3.1.3 Metallurgical recovery

Metallurgical recovery processes are used to process scrap metals after the separation phase.
Metallurgical recovery means extracting metals from ore or removing contaminants from
metals in the recycling process. Used methods are pyrometallurgical, hydrometallurgical,
and electrochemical metallurgical recovery processes. (Xi-guan 2024, 1; Loibl & Tercero

Espinoza 2021, 3-4.)

Pyrometallurgical recovery is the most traditional and commonly used method of
metallurgy. It uses high temperatures for extraction. Therefore, the energy consumption of
pyrometallurgical processes is high, which leads to higher costs and GHG emissions. The
typical steps of pyrometallurgy are roasting, smelting, and refining. In the roasting phase,
the material is heated in the presence of oxygen to create metal oxides and oxidize unwanted
elements. Smelting is performed in a furnace, where the material is heated. Metal is removed
from its ore, and impurities are separated from the metal at high temperatures. In the refining
phase, all remaining impurities are removed by electrolytic or chemical refining. (Xi-guan
2024, 1.) Direct melting can also be used if refining is not needed. This demands a high
quality of scrap metal. For example, metals from cables can be recovered by direct melting
after the insulation of the cable has been removed by crushing. In copper metallurgy, the
energy demand in smelting and refining is two to four times higher than in direct melting.

(Loibl & Tercero Espinoza 2021, 2, 5.)

In hydrometallurgical recovery methods, metals are extracted from other materials by
dissolving them in different acids. This method consumes less energy than pyrometallurgy
due to lower temperatures. Therefore, environmental impacts are also potentially lower.
Typically, the steps of the hydrometallurgical process are leaching, solvent extraction, and
electrowinning. First, during leaching, metal is dissolved into a liquid by using an acid. Next,
in the solvent extraction phase, the wanted metal is separated from the liquid using an organic
solvent. Finally, in the electrowinning phase, an electric current is used to deposit the metal

from the solution on an electrode. (Xi-guan 2024, 1.)
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Electrometallurgical recovery processes extract and purify metals using electrical energy.
With electrometallurgy, high purity of recovered metal and an efficient recovery process can
be achieved. However, a complex infrastructure, high capital investments, and a high amount
of energy are needed for the process. The main electrometallurgical recovery processes are
electrorefining and electrowinning. The electrowinning phase is like the process in
hydrometallurgy. In electrorefining, the metal is dissolved and deposited due to an electric
current passing through an electrolyte solution. This is done to remove impurities from the

metal. (Xi-guan 2024, 1-2.)

3.2 Activities of a scrap metal recycling company

The part of the scrap metal recycling process that a typical scrap metal recycling company
handles is collection and separation. A scrap metal recycling company purchases, sorts,
processes, and sells scrap metal from customers to companies that process the metals further.

(Romu Keindnen 2026.) Steps of these activities are illustrated in Figure 3.

Purchasing Production Sale

Figure 3. Activities of a typical scrap metal recycling company (Romu Keindnen 2026).

The first step is purchasing scrap metal from customers. The purchased materials can be, for
example, demolition, industrial, municipal, or agricultural scrap metals, and customers can
be companies or private individuals. Larger purchases are arranged through competitive
tendering performed by a purchasing department. Smaller purchases occur when customers
choose to deliver their scrap directly to a desired scrapyard. Customers can bring scrap
straight to scrapyards, or customers can be provided with roll-off containers by the scrap

company. (Romu Keinénen n.d.b; Metallivilitys Rédsdnen 2026.)
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The production phase includes activities occurring at the scrapyard. The transported scrap
metal is weighed and sorted in scrapyards. Sorting is done by using manual sorting and
machines. The price of the scrap metal is determined after weighing and sorting, based on
the LME prices. Next, the scrap metal is processed and separated further. Size reduction,
conducted by shredding, cutting, or baling, is a pretreatment for further separation. It is done
to improve efficiency in transportation or according to the customer’s wishes.
(Metallinvilitys Résdnen 2025; Romu Keindnen 2026.) Further separation processes are

presented in subsection 3.1.2.

Before selling and loading, scrap metal is stored at a scrapyard, sorted by type of metal. The
sales department of the scrap company sells collected and sorted metals for export or
domestic industry (Romu Keindnen 2026). The sold scrap metal is loaded onto trucks or
containers and transported to buyers. Transportation can be organized by the scrap company,

the buyer, or by utilizing freight forwarders. (Romu Keindnen 2026.)
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4 Impacts of scrap metal recycling

In this chapter, the impacts of metal recycling and scrap metal recycling companies are
analysed. In 4.1, the benefits of the circular economy of metals are presented. In 4.2, the
focus is more specific on the climate impacts of a typical scrap metal recycling company.

Also, the best available techniques for reducing GHG emissions are discussed.

4.1 Benefits of the circular economy of metals

Metal production from primary sources consumes a lot of energy, produces massive amounts
of GHG emissions, and poses the threat of resource depletion. Therefore, there is an urgent
need to move from linear to circular economy in metal production to reduce the
disadvantages of metal production. The circular economy is a key factor in climate change
mitigation, and metals are an important part of it due to their excellent recyclability. With
the circular economy, negative environmental impacts and GHG emissions can be limited,
material efficiency improved, and the sufficiency of natural resources can be ensured.

(Groman et al. 2022, 1-2; Hageliiken & Goldmann 2021, 539-540.)

The life cycle of metals can be linear or circular. In a linear economy, metals are extracted
from ores, produced, distributed, and brought into the phase of use. After the use phase, the
product becomes waste and may be disposed of, for example, in landfills. In the circular
economy, after the use phase, metals are repaired or reused before becoming waste. If that
is not possible, material is brought to the recycling phase, in which metals are processed in
a way that they can be used again as materials in the production phase. However, a perfect
circular economy does not exist, and therefore, some primary sources are brought into the
cycle, and some waste is produced. (EuRIC 2022; Gorman et al. 2022, 2-3.) Principles of

linear and circular economies are illustrated in Figure 4.
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In theory, metals are a material that can be recycled indefinitely. However, the recycling
rates of different metal types vary a lot. Some common metal types, such as steel, copper,
and aluminium, have been recycled for a long time, and recycling technologies and
infrastructure already exist in many countries. The recycling rate for steel is only 40 %
(Danny Harvey 2021, 1). For aluminium, it is 60 % (Wedrychowicz et al. 2023, 3), and for
copper, approximately 30 % (Loibl & Tercero Espinoza 2021, 2). Rarer critical metals and
those used in complex technologies are still hard to recycle, and their recycling rates are low,

even less than 1 %. (Hertwich et al. 2020, 19.)

However, a fully closed metal recycling loop with a recycling rate of 100 % is not technically
feasible. Primary metal input will always be required in metal production to maintain a
sufficient material quality and to compensate for material losses throughout the recycling
process. These losses result, for example, from thermodynamic properties of metals,
limitations in recycling technologies, economics, and inefficient material collection. (Reuter

etal. 2013, 87, 93.)
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4.1.1 GHG emission reduction

Metal production is an energy-intensive industry that demands massive amounts of energy
for mining, smelting, and refining. It covers approximately 10 % of global GHG emissions.
(Hertwich et al. 2020, 18-20.) Steel production has the most significant impact. It produces
approximately 7 % of global GHG emissions (Holappa 2020, 1). Also, aluminium
production has a notable impact. Its emissions are approximately 2 % of global CO>
emissions (IEA 2023). In Finland, the amount of GHG emissions produced by the metal
industry in 2023 was 2.0 Mt COze, which accounts for approximately 5 % of Finland’s total
GHG emissions. 99 % of that was produced in iron and steel production. (Statistics Finland

20254, 185.)

Mining and extraction of metals from ore consume a lot of energy and fossil fuels, and
therefore, massive amounts of GHG emissions are produced. Secondary production limits
the need for primary production. In secondary production, energy-intensive steps of metal
production are avoided, and therefore, energy consumption and produced GHG emissions
are significantly lower. The energy demand in primary production is predicted to increase in
the future due to lower-grade ores. This will increase GHG emissions even further.

(Wedrychowicz et al. 2023, 3; Reuter et al. 2013, 83.)

Especially, aluminium is an excellent metal for recycling. By recycling aluminium, up to 95
% of energy can be saved, and 97 % of GHG emissions are reduced compared to production
from primary sources (Wedrychowicz et al. 2023, 3.) With steel, 58 % less CO2 emissions
are produced, and 72 % of energy is saved in the use of secondary supply instead of primary
supply. With copper, the reduction in CO; emissions is 65 %, and energy savings are 85 %.

(EuRIC 2022.)

4.1.2 Reducing resource scarcity

The increase in metal demand threatens the availability of resources on Earth. Especially,
some scarce, critical metals that are crucial in the green transition are vulnerable to resource
depletion. Metal recycling is one solution to this problem. With recycling, less primary

production is needed, and thus, natural mineral resources can be conserved better. (Reuter et
al. 2013, 3.)
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Mining conditions are predicted to become more difficult in the future. Ore grades will be
lower, and depths will be greater. Also, more complexity in mining is expected. Therefore,
it i1s important to decrease the demand for primary supply, even though substituting all
primary production with secondary production is not possible. (Hageliikken & Goldmann

2022, 540.)

4.1.3 Less waste in landfills

The amount of metal waste in landfills is reduced by recycling. Metals in landfills cause
hazardous emissions and risks to the environment and health. Especially, electronics,
batteries, and ELVs in landfills are harmful to the environment. (Hageliiken & Goldmann
2022, 540, 545.) Heavy metals, such as copper and aluminium, pollute water and soil close
to the landfill. The main carrier of pollutants is leachates. Leachates are the result of
decomposed waste and percolation of rainwater. It comprises organic material and pollutants
and causes pollution by flowing onto unprotected soils and into surface and groundwaters.

(De Souza et al.2023, 2.)

Metal leachates have many negative impacts. Harms to the environment are pollution and
bioaccumulation of heavy metals. The pollution causes a health risk for humans living close
to the landfill. Leachates also have an impact on food safety. Heavy metals in soil and water
can affect crops in the area negatively. Leachates are a significant environmental risk at
open-air dumps, but also, other landfills must control leachates and prevent these harms,

even after the inactivation of landfills. (De Souza et al.2023, 2.)

4.1.4 Economic benefit

In addition to environmental benefits, scrap metal recycling and the circular economy also
have economic advantages. The production from recycled metals has lower costs than the
production from primary metals due to avoided mining and lower energy consumption. In
the future, the costs of primary metals are expected to increase due to lower-grade and more

remote mineral deposits. (Soderholm & Ekvall 2019, 257.)

Multiple recycling policies aim at increasing metal recycling and improving its

competitiveness. The tradable recycling credit scheme sets a mandatory minimum level of
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recycling for companies. Companies are allowed to trade credits earned by achieving the
targets. Thus, companies that do recycle more can benefit economically when they are able
to sell credits to companies that do not achieve the targets. Also, recycling subsidies make
metal recycling more economically viable. They can be directed straight to support
secondary material production or to infrastructures, making collecting used materials more
affordable. In some countries, such as in Sweden and the United Kingdom, there are also
separate taxes for virgin materials, which increase the costs of primary production.
Therefore, the difference in costs between primary and secondary production increases and

makes secondary production more attractive. (S6derholm & Ekvall 2019, 261-264.)

Additionally, Europe’s supply security is enhanced by metal recycling. Currently, many
metals used in technology are imported from outside of Europe. Some of these regions have
higher geopolitical risks, which increase Europe’s vulnerability to supply disruptions. Metals
produced from secondary supply can be produced in Europe. Using residue streams, such as
EoL products and infrastructure, which are produced in Europe, makes Europe more
independent from importing. Also, more jobs are created due to the circular economy of
metals. Employees are needed in all phases of the value chain. (Hageliiken & Goldmann

2021, 540.)

4.2 The climate impact of a scrap metal recycling company

In this section, the activities of a scrap metal recycling company are analysed, considering
its climate impacts. First, in 4.2.1, the most significant emission sources of a typical scrap
metal recycling company are introduced. In 4.2.2, the best available techniques to reduce

emissions are explained.

4.2.1 Emission sources of a scrap metal recycling company

The action of a scrap metal recycling company notably lowers the carbon footprint of a metal
product compared to producing it from raw materials. However, scrap metal recycling
companies still produce GHG emissions that should be accounted for. Energy-intensive
processes and transportation in the operation of a scrap metal recycling company make

notable GHG emissions from scrapyards. Usually, most of the GHG emissions of a scrap
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metal recycling company are produced in scope 3. On average, it accounts for over 75 % of

the company’s total emissions. (TDC Venture 2025.)

The most common emission sources at scrapyards are on-site machinery, transportation,
energy consumption, and waste management. GHG emissions from on-site machinery
consist of fuels, usually diesel, used in shears, balers, cranes, and machines. These emissions

are classified as scope 1 emissions. (TDC Venture 2025.)

The GHG emissions produced due to transportation occur in scopes 1 and 3, depending on
the owner of the vehicle. The emissions from company-owned trucks that are used for
collecting and delivering materials are categorized as scope 1 emissions. However, third-
party transportation produces indirect emissions, and they are calculated as scope 3

emissions. (TDC Venture 2025.)

Energy consumption at scrapyards is usually high due to electric machines, including
separation machinery and shredders. GHG emissions from purchased electricity for these
machines are categorized as scope 2 emissions. The GHG emissions due to energy
consumption can vary depending on the energy source of the purchased electricity. (TDC

Venture 2025.)

In scope 3 emissions, the EoL disposal of waste is a significant emission source. From scrap
metal processing, non-recyclable residues are produced that must be treated. In addition to
GHG emissions from waste management, scope 3 emissions are produced, for example, from

suppliers’ operations and commuting. (TDC Venture 2025.)

4.2.2 BAT technologies for a scrap metal company

To reduce GHG emissions and achieve carbon neutrality, different emission reduction
methods must be analysed. The European Commission published the Best Available
Techniques (BAT) reference document for waste treatment (BREF) in 2010, which presents
ways for waste treatment to improve its environmental performance. Some of the BATs, for
example, related to energy efficiency and monitoring environmental performance, are also

relevant for the emission reduction of a scrap metal recycling company.

Developing and adhering to an environmental management system (EMS) is determined to

be a BAT to improve overall environmental performance. EMS should include, for example,
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commitment of the management, targets, needed procedures and their implementations,
checking performance, and reviewing. In BREF, it is also determined that monitoring
consumption is a BAT. Consumed energy, water, and raw materials should be monitored
annually by direct measurements and calculations to notice changes in the consumption of
plants. In addition to the consumption, the amount of generated waste and wastewater should

be monitored. (Pinasseau et al. 2018, 718, 728.)

Increasing energy efficiency reduces the consumption of fuels and electricity, which also
reduces GHG emissions. In BREF, the energy efficiency plan and the energy balance record
are presented as methods to increase energy efficiency. In the energy efficiency plan, the
current consumption of activities is calculated, and improvement targets and needed actions
are planned. The energy balance record, instead, breaks down the consumption and
generation of energy by different energy sources and shows the energy use throughout the

process. (Pinasseau et al. 2018, 741.)

In a scrap metal recycling company, the main energy consumers are machines and trucks.
Therefore, improving their energy efficiency and reducing their GHG emissions is
important. Investing in energy-efficient equipment reduces energy consumption, but
changes in behaviour can also improve energy efficiency. The choice of fuels has a
significant impact on GHG emissions. Currently, fossil fuels are the most common energy
source, even though more environmentally friendly options are available. By substituting
fossil fuels with other, more environmentally friendly options, GHG emissions can be

reduced. (Wehner 2018 1,3.)

Electrification of trucks and work machines is a solution to reduce GHG emissions and thus
meet set targets for GHG emission reductions. According to mid- and long-term scenarios,
life cycle GHG emissions savings due to the electrification of trucks could reach up to 60 %
in Finland. The reduction potential depends on the electricity used in the production and
charging phases of the battery. (Jahangir Samet et al. 2023, 1, 9-10.) However, there are still
challenges concerning the electrification of heavy-duty vehicles. The main challenges are,
for example, the lack of sufficient charging infrastructure, higher purchase costs, and the
weight of the battery, which decreases the truck’s maximum load. Also, shorter range and
charging time make the use of electric trucks more challenging. (Sugihara et al. 2023, 6.7.)

If electrification is not possible, other alternative fuels for fossil fuels could be used. For
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example, e-fuels and renewable fuels produce fewer GHG emissions than fossil fuels.

(Jahangir Samet et al. 2023, 1, 13.)

Biofuels are produced from biomass or other organic materials, such as plants and crops,
which, contrary to fossil fuels, are renewable energy sources. Biofuels are classified as
additive, liquid, gas, and other biofuels. Liquid and gas biofuels are options for substituting
fossil fuels in transportation. Gaseous biofuels, such as biogas, provide a low-emission
alternative to fossil fuels, but the change to using them requires purchasing new vehicles.
However, substituting fossil fuels with liquid biofuels, such as biodiesel and hydrotreated
vegetable oil (HVO), is an environmentally friendly and easy change. Liquid biofuels are
similar to petrol and diesel, and therefore, any modifications to engines are not needed,
which makes the substitution easy. (Reddy et al. 2024, 7-9.) Even though biofuels are
renewable energy sources, burning them still produces GHG emissions. CHs and N>O
emissions are accounted for as scope 1 emissions, but released CO, must be reported

separately from scopes as biogenic CO; emissions. (GHG Protocol 2015.)

In addition to electrification or changing to other fuels, improvements in energy efficiency
can be made in the logistics system. Optimizing transportation by increasing the load factor
of trucks and planning efficient routes reduces the environmental impacts of the company.
(Wehner 2018, 4, 12.) In the separation process, the shredder is usually a major energy
consumer, and therefore, its operation must be optimized to increase energy efficiency. The
shredder feed must be maintained stable to avoid unwanted shutdowns and start-ups due to
disruptions or overload caused by unstable feed (Commission Implementing Decision (EU)

2018/1147 2018.)

Emissions from purchased electricity are calculated separately based on the company's
location and the choice of electricity supplier in scope 2. Market-based emissions are easier
to reduce than location-based emissions. The market-based scope 2 emissions can be reduced
to zero by choosing to purchase renewable or nuclear energy, which do not produce GHG
emissions in the generation phase. The location-based emissions, instead, cannot be reduced
directly by the purchasing company. However, reducing electricity consumption and
consuming it outside peak hours and at times when a lot of renewable energy is available
can decrease the average GHG emissions of the grid. Thereby, location-based emissions of

the company can be reduced. Also, producing one's own renewable energy is a possibility to
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reduce emissions from electricity. However, emissions from electricity generation for own

consumption are classified as scope 1 emissions. (GHG Protocol 2015, 29-31, 37-38.)

In addition to major changes, small actions matter. Changes in behaviour in everyday life
can lead to surprisingly notable changes in GHG emission production. Increasing knowledge
about the climate impacts of different actions could encourage individuals to change their
behaviour in a more sustainable direction. The company’s GHG emissions can be reduced
by avoiding unnecessary consumption, for example, by saving electricity and water.
Increasing recycling also has a positive environmental impact, even though its impact on
GHG emissions is not significant. With trucks and machines, empty running should be
avoided. It has a negative impact both on energy efficiency and emissions (Wehner 2018,
8). Employees can also impact the carbon footprint of the company with their own choices.
Encouraging employees to commute ecologically, for example, by cycling, public
transportation, or an electric car, can lower the scope 3 emissions of the company. Avoiding
flying on business trips is also beneficial for emission reductions. (Halonen et al. 2024, 5,

10.)

Sometimes, avoiding the production of all GHG emissions is not possible. To achieve carbon
neutrality, unavoidable emissions must be compensated outside the company’s value chain.
It is performed by economically supporting activities that reduce GHG emissions or remove
carbon from the atmosphere. Examples of activities reducing GHG emissions are preventing
deforestation and deploying renewable energy. Carbon removal, instead, can be achieved by
nature-based or technological methods. Nature-based methods include, for instance,
forestation and soil carbon sequestration. Technological methods are enhanced weathering

or carbon capture and storage. (Helppi et al. 2023, 924-925.)
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5 Methodology

In this chapter, the methodology used in this thesis is presented, and the case company is
introduced. In 5.1, the calculation and data collection methods used in the carbon footprint
calculation are explained. The methods used in designing the pathway to carbon neutrality
are introduced in 5.2. In the end, in 5.3, the case company, Romu Keinédnen, and its activities

are presented.

5.1 Carbon footprint calculation

The carbon footprint calculation of Romu Keindnen is performed following the GHG
Protocol. The calculation is executed using a spreadsheet, Microsoft Excel. Along with
performing the calculation, an Excel tool for carbon footprint calculation is developed and
provided to Romu Keindnen for further use. Assumptions and limitations are documented
clearly to simplify the calculation process in the following years and to ensure accurate and

comparable results each year.

Data on activities for the carbon footprint calculation is collected from other companies,
from a financial management software, Finago Procountor, and from an ERP system, Reccu.
Some activity data is collected directly from companies selling products or services to Romu
Keinénen. For example, electricity consumption is received from Fingrid and purchased
fuels and materials for production from vendors. The data on some consumption is
discovered by investigating invoices collected by Finago Procountor. The data on the amount
of received and sold scrap metal and generated waste from the production is collected from
Reccu, which is a program used to manage incoming and outgoing materials. Also,

employees of Romu Keinénen are asked to answer a survey about their commuting.

Emission factors are determined using values available online free of charge. The chosen
sources are as accurate as possible to find. Due to a lack of accurate data, some
generalizations have been made. Also, some emission factors have been calculated when no

emission factors for specific products were available.
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5.2 Developing a pathway to carbon neutrality

The design of the pathway to carbon neutrality is performed following the SBTi’s Net-Zero
Standard. The emission reduction methods are chosen based on the scope 1 and 2 emission
sources of the company and the BAT techniques introduced in 4.2.2. The economic aspect
is also taken into consideration to provide realistic options for the company. To consider
adding electricity production to the company’s activities, the scrap dealer of Romu

Keindnen, Toni Keindnen, is interviewed.

After selecting the emission reduction methods, a carbon roadmap is developed to illustrate
the required changes. The timeline for implementing reduction methods is shown in it. The
goal of Romu Keininen is to achieve carbon neutrality in scopes 1 and 2 by 2035, so the

carbon roadmap is designed for the next ten years.

5.3 Romu Keindnen

Romu Keinédnen is a scrap metal recycling company that collects, sorts, and processes
multiple different types of metal. It operates in four different locations: Vantaa, Espoo,
Karjaa, and Tammisaari. It owns eight trucks that are used to collect scrap from customers
and transport materials between facilities. Scrapyards in Vantaa, Espoo and Karjaa sort and

process scrap metal and sell it to buyers, whereas Tammisaari is a shredder plant.

In Vantaa, Espoo, and Karjaa, scrap metal from customers is mainly sorted using material
handlers and handpicking. Employees are trained to recognize different metal types and
products, and that way, different metal types can be separated from other materials, mainly
using only the knowledge of the employees. Magnets and handheld analysers are also used
in the sorting process. Both are used to identify the metal type of particles, but magnets are
also used in the separation of ferrous metals from other materials. Used handheld analysers
are XRF and LIBS. In Vantaa and Karjaa, some scrap products are cut before being sold. In
Vantaa, some non-ferrous metals, such as aluminium, stainless steel, and acid-proof steel,
are cut into smaller pieces for the buyer, but also to increase efficiency in transportation. In
Karjaa, the focus is on the size reduction of iron products by cutting. ELVs are also processed
at all scrapyards. They are depolluted before transportation to the shredder plant in

Tammisaari. (Romu Keinidnen 2026.)
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All mixed scrap metal, collected at all facilities, is transported to the company’s shredder
plant in Tammisaari, where it is processed before being sold. In processing, mixed scrap
metal is shredded and separated into different end products and residues using different
separation methods. (Romu Keinénen 2026.) In Figure 5, a simplified separation diagram of

the plant is illustrated.
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Figure 5. The separation system in Tammisaari.

In the separation process, the scrap is first pre-shredded and then shredded. After that, too-
long particles, pokers, are separated and brought back to the crushing phase. After crushing,
magnets are used multiple times to separate ferrous material in different steps of the
separation process. After the first magnetic separation, manual sorting is performed for
quality control and to remove remaining impurities. The remaining material after the
magnetic separation is directed to wind-sifting. Wind-sifting is used to separate the light
fraction, fluff, from other materials. ECS is used to separate aluminium and residue from the
fluff. All the other, heavier materials are separated using magnets and ECS after wind-
sifting. ECS separates materials into zorba, aluminium, and residue. (Romu Keinénen 2026.)
Zorba is a type of mixed non-ferrous metal scrap, mainly composed of aluminium (GME

Recycling 2025).

Some of the residue is brought to further separation, in which SBS is used. Cameras and
induction are used to separate metals from the residue to increase the recycling rate. After

the separation process, all remaining residues are transported to waste incineration plants,
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which makes the plant landfill-free. An addition to this system for further sorting of residues
has been planned, which could reduce the amount of material sent to incineration. (Romu

Keindnen 2026.)
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6 Carbon footprint of Romu Keindnen

In this chapter, the carbon footprint of the case company, Romu Keinénen, is calculated, and
the results are analysed. In 6.1, the goal and scope of the study are defined. In 6.2, the results
of the calculations are introduced separately for each scope. The results are interpreted in

section 6.3.

6.1 The goal and scope of the study

The goal of this study is to calculate a comprehensive carbon footprint of Romu Keinédnen.
Results will be needed in reporting to customers, marketing, planning of emission
reductions, and investment plans. Even though Romu Keinidnen does not need to follow
CSRD, some of its customers are obligated to report their GHG emissions. Therefore, Romu

Keindnen needs to provide their customers with information about their GHG emissions.

Currently, Romu Keindnen aims to be carbon neutral by 2035, with GHG emissions from
scopes 1 and 2 in line with Finland’s carbon neutrality target. To achieve that, the current
GHG emissions must be calculated to make GHG emission reduction plans. Even though
scope 3 emissions are not included in the carbon neutrality goal, they are calculated as
broadly as possible. Thus, more comprehensive results can be achieved, and emission

reduction planning of scope 3 emissions is enabled for the future.

The carbon footprint of Romu Keindnen is calculated by using the GHG Protocol. The
chosen approach is the operational control approach, meaning that boundaries for the
calculations are determined to be operations that the company controls. In Figure 6 below,
the system boundaries of the calculation are shown. Table 1 explains the included activities

of the company.
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Figure 6. System boundaries.
Table 1. Emission sources included in the study.
Scope Emission source

Scope 1 Fuels for vehicles and work machines

Scope 2 Purchased electricity

Scope 3 Waste management

Water use

Wastewater treatment
Transportation
- Purchased services
- Sea freight
- Fuel production and distribution
Commuting
Business travel
ICT devices
Data transfer
Materials for production
General operational purchases
- Food
- Office supplies
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Scope 1 emissions of Romu Keindnen consist of the company’s direct GHG emissions.
These emissions are produced from fuels used both for vehicles and work machines in
transportation and at facilities. Scope 2 emissions are indirect emissions from purchased
energy. In the case of Romu Keinédnen, they include only GHG emissions from purchased

electricity consumed at facilities and offices.

Scope 3 emissions are determined to include GHG emissions from waste management, water
use, transportation, commuting, business travel, ICT devices, data transfer, materials and
items used in the production phase, and general operational purchases, including food and
office supplies. The inclusion of different activities of scope 3 is determined considering the
significance of the emission source and the possibility of influencing it. Also, the simplicity

of the data collection is taken into consideration to make the calculation process simple.

All activities that can be measured are included in the calculation, including water use,
wastewater treatment, waste management, commuting, data transfer, and some of the
materials used in the production phase. However, some activities are measured by using the
consumption of money. These activities are services regarding transportation, such as
subcontract transportation and maintenance of vehicles and work machines, business travel,
some of the materials and items used in production, and general operational purchases. The

emission factors for these consumptions are presented as kg CO»e/€.

Categories measured in euros are included in the calculation based on their significance in
total emissions, relevance to the company’s function, and possibility to impact them. All
material purchases, such as clothing and materials, can be impacted, and maintaining and
repairing vehicles is a relevant cost for a company offering transportation. Also, subcontract
transportation plays a significant role in the company, and a lot of money is spent on it. In
addition, money is consumed on services such as marketing, administration costs, insurance,
and IT services. However, these categories are excluded due to impossible abilities to impact
them. Also, the GHG emissions from the use of scrap both before and after Romu Keinénen
are excluded. Additionally, transportation of scrap to scrapyards by private customers is

excluded. Information on these activities is not achievable and therefore excluded.

Besides the calculation of this thesis, an Excel tool is given to Romu Keindnen to calculate
the carbon footprint in the following years. To make the calculation process repeatable and

easy, some simplifications are made. The consumption values measured in euros are taken
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from the company’s general ledger. Finago Procountor categorizes invoices, and the
consumption of certain activities is discovered by summing all invoices of each category.
Each invoice in each category is not checked separately, so there may be some invoices in
the wrong categories. This increases the uncertainty of the calculation, but the impact is
assumed to be so negligible that using resources to read through all invoices is not
worthwhile. These categories are transportation services, business travel, some production

items, and general operational purchases, including food and office supplies.

6.2 Results

In this section, the results of the carbon footprint calculation are presented. The results are

reported separately for each scope in 6.2.1-6.2.3.

6.2.1 Scope 1

Scope 1 emissions of Romu Keindnen consist of different fuels used in activities at facilities
and in transportation. Light fuel oil is used at facilities to fuel machines. Its emission factor
is calculated using the heat value [43.2 GJ/t], the emission factor [73.0 t CO2/t], and the
density of light fuel oil [0.83 t/m*] (Statistics Finland 2025b). The calculation of the emission

factor is shown in equation 2.

tCo,
m3

kgCOZ

L% ~ 2,617 422 )

0.04322.73.0
t T]

-0.83— = 2.61749 ...
m

In Table 2, light fuel oil consumption and emissions from its use are calculated separately
for each facility. In addition to the facilities, some light fuel oil has also been consumed at

the company's worksites.
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Location Consumption Emission factor Emissions
[l/a] [kg CO2e/1] [kg COze/a]
Vantaa 63659 2.617 166596
Espoo 24404 2.617 63865
Karjaa 71046 2.617 185927
Tammisaari 28777 2.617 75309
Worksite 1146 2.617 2999
Total 189032 494696

In Table 3, all fuels consumed by vehicles owned by Romu Keinénen are listed, and their

emissions are calculated. Most vehicles use diesel as a fuel. Diesel is assumed to include 0

% renewable sources. Consumed petrol, instead, includes 10 % of renewable ethanol. HVO

is a more environmentally friendly option for diesel, and a small amount of it was used in

2025.

Table 3. Emissions from transportation.

Fuel Consumption Emission factor Emissions Reference for
[IVa] [kg COqe/1] [kg COe/a] emission factor
Diesel 233547 2.689 628008 The Finnish
Climate Change
Panel n.d
Petrol 131 2.348 308 The Finnish
Climate Change
Panel n.d
HVO 237 0.970 230 Ojala et al. 2025
Total 233915 628546

In total, 628.55 t CO2e was produced due to transportation in 2025. In addition to these scope

1 emissions from the fuels, emissions from the production and distribution of the fuel are

included. These emissions are categorized as scope 3 emissions and are calculated in 6.2.3.

In Table 4 below, all emissions in scope 1 are summed. The total emissions in scope 1 are

over 1123 t COze.
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Facilities

Transportation

Total

Emissions [t COze/a]

494.696

628.545

1123.241

6.2.2 Scope 2

Scope 2 emissions of Romu Keindnen consist of GHG emissions from purchased electricity.

Emissions are calculated both using market-based and location-based emission factors for

each facility. At all facilities, electricity is purchased from an electricity company, Elkraft

Finland Ab. The company reports that its electricity is produced using renewable energy

sources, nuclear energy, and fossil fuels. The emission factor in 2024 was 390.93 g

CO2/kWh. The emission factor for 2025 is not available yet, so the value from the year 2024

is used. The location-based emission factor is 26 g CO,e/kWh, which is the average emission

factor of consumed electricity in Finland in 2025 (Fingrid n.d). Emissions produced due to

purchased electricity are shown in Table 5 below.

Table 5. Scope 2 emissions.

Emission source | Consumption | Emission factor, | Emission factor, Emissions, Emissions,
[MWh/a] market-based location-based market-based | location-based
[kg COe/MWh] | [kg CO2e/MWh] [kg COze/a] [kg COze/a]
Electricity, 168.91 390.93 26 66032 4392
Vantaa
Electricity, 63.071 390.93 26 24656 1640
Espoo
Electricity, 527.48 390.93 26 206208 13714
Karjaa
Electricity, 628.61 390.93 26 245743 16344
Tammisaari
Total 1388.071 542639 36090
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6.2.3 Scope 3

In this subsection, scope 3 emissions from waste management, water use, transportation,
commuting, business travel, ICT devices, data transfer, materials used in production, and

general operational purchases of Romu Keinénen are calculated separately.

First, in Table 6, emissions from waste generated in the production phase are calculated.
Most of the generated waste is separated from metals purchased from customers and
transported to different waste treatment companies. The waste amounts are received from
waste management companies and Reccu ERP. Some assumptions have been made in the
selection of emission factors. The type of mineral wool is not specified, and therefore, the
emission factor of it is an average value for different types of wool. It is also assumed that
energy waste, construction waste, and the residue from the shredder plant are treated

similarly with mixed waste. All these wastes are categorized as mixed waste in this table.

Table 6. Emissions from production’s waste management.

Emission source Production Emission factor Emissions Reference for
[kg/a] [kg COze/kg] [kg COe/a] emission factor
Oils 98993 1.410 139580 WWF 2018
Cutting fluid 2193 1.410 3092 WWEF 2018
Glycol 2337 1.410 3295 WWF 2018
Concrete 542780 0.006 3257 CO2data 2025
Asphalt 62920 0.040 2517 CO2data 2025
Strongbox (asbestos) 2840 0.130 369 WWEF 2018
Pressure-treated 38670 0.140 5414 Kainulainen
wood 2023
Wood 653940 0.020 13079 CO2data 2025
Plastic waste 17640 0.070 1235 WWF 2018
Tyres 292280 0.100 29228 Climatiq 2021
Accumulators and 2812 1.410 3965 WWF 2018
batteries
Mineral wool 11280 1.100 12408 CO2data 2025
Mixed waste 2857380 0.410 1171526 WWF 2018
Paper 10860 1.050 11403 WWF 2018
Garden waste 12540 0.069 865 WWF 2018
Soil 361460 0.017 6145 Climatiq 2022a
Total 4970925 1407378
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The GHG emissions from the waste management of the offices are calculated in Table 7. All
offices, except Vantaa, collect only mixed waste. In Vantaa, paper is collected separately in
addition to mixed waste. Emission factors are received from WWF (2018), and waste

amounts from the waste management company.

Table 7. Emissions from offices' waste management.

Emission source Production Emission factor Emissions

[kg/a] [kg COze/kg] [kg COze/a]
Mixed waste, Vantaa 2574 0.41 1055
Paper, Vantaa 1122 1.05 1178
Mixed waste, Espoo 2624 0.41 1076
Mixed waste, Karjaa 900 0.41 369
Mixed waste, 892 0.41 366

Tammisaari

Total 8112 4044

Emissions from water use and wastewater treatment are shown in Table 8. The water
consumption data of each facility is received from water supply companies. The used
emission factors are published by HSY (2025). The amounts of consumed water and

produced wastewater are expected to be the same.

Table 8. Emissions from water use and wastewater treatment.

Emission source Consumption Emission factor Emissions
[m?/a] [kg CO.e/m?] [kg COze/a]
Water, Vantaa 125 0.006 0.75
Water, Espoo 93 0.006 0.56
Water, Karjaa 385 0.006 2.31
Water, Tammisaari 68 0.006 0.41
Wastewater, Vantaa 125 0.392 49.00
Wastewater, Espoo 93 0.392 36.46
Wastewater, Karjaa 385 0.392 150.92
Wastewater, 68 0.392 26.66
Tammisaari
Total 1342 267.07
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GHG emissions from the transportation of scrap metal are divided into purchased services,
scope 3 emissions of used fuels, and sea freight, which are shown in tables 9—11. First, in
Table 9, the purchased services for the transportation sector are listed, and emissions are
calculated. The consumption is collected from the company’s invoices, and the emission

factors from the publication by Nissinen & Savolainen (2019, 59).

Table 9. Emissions from services concerning the transportation of scrap metal.

Consumption [€/a] Emission factor Emissions

[kg COze/€] [kg COze/a]
Subcontract 218612 0.6 131167

transportation
Maintenance and repair 885956 0.2 177191
of vehicles and work
machines

1104568 308358

In addition to the scope 1 emissions from purchased fuels, some emissions in scope 3 are
also produced. The production and distribution of diesel and petrol cause GHG emissions,
and they are classified as scope 3 emissions. In Table 10, these emissions are calculated for
diesel and petrol consumed by the company's vehicles. The Finnish Climate Change Panel

(n.d) has released emission factors for these fuels.

Table 10. Scope 3 emissions from the production and distribution of fuels.

Fuel Consumption Emission factor Emissions
[Va] [kg COze/1] [kg COze/a)
Diesel 233547 0.75 175160
Petrol 131 0.655 86
Total 233678 175246

Romu Keindnen transports some of its processed scrap metal to the customers by cargo ships.
GHG emissions due to sea freight are calculated by using the distances between ports and

the weight of the scrap metal sold. The distance and the weight of each cargo are multiplied
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to calculate the total tonne-kilometers. The emission factor of sea freight is received from

CO2data (n.d). In Table 11 below, the emissions produced from these cargoes are calculated.

Table 11. Emissions from sea freight.

Emission source Tonne-kilometers Emission factor Emissions
[tkm/a] [kg COze/tkm] [kg COze/a]
Sea freight 30422181 0.013 395488

The data for commuting of employees is collected through a survey answered by every
employee of the company. The distance from home to the workplace, the transportation
mode, and the share of remote work were asked. Based on that data, GHG emissions from
commuting in 2025 can be calculated and are shown in Table /2. The calculation is
performed assuming that the number of staff has remained the same for the whole year.
Emission factors for diesel, petrol, and hybrid cars are from WWF (2018) and the rest from
Citicap (2020).

Table 12. Emissions from commuting.

Emission source Distance Emission factor Emissions
[km/a] [kg COse/km] [kg COze/a]
Car, diesel 170675 0.141 24065
Car, petrol 260352 0.159 41396
Car, hybrid 35482 0.1 3548
Car, electric 29719 0.0554 1646
Bus 3774 0.0632 239
Bike 1130 0.005 6
Total 501132 70900

The GHG emissions from business travel consist of transportation and accommodation. The
emissions from different transportation modes and accommodation are measured based on
the money spent. All used emission factors, except for the kilometer allowance, are from the

publication of the Finnish Environmental Institute (Nissinen & Savolainen 2019, 59).
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The emission factor for paid kilometer allowances is calculated separately using the
compensation amount per kilometer and the emission factor of a car. In 2025, 0.59 € was
paid per driven kilometer (Vero n.d). The type of fuel used in the car is not determined.
Therefore, the emission factor used in the calculation is 0.152 kg COze/km, which is the
emission factor for an unknown car (WWF 2018). The calculation of the emission factor is

shown in equation 3 below, and emissions produced due to business travel in Table /3.

1€ kg COze kg COze

=+ 0.152 ——— = 0.2576271 ... 3)
o km
Table 13. Emissions from business travel.
Emission source Consumption Emission factor Emissions
[€/a] [kg COze/€] [kg COze/a]
Kilometer allowance 25109 0.258 6478
Taxi 3148 0.2 630
Flight 3357 1.1 3693
Ferry 35 1 35
Train 482 0.6 289
Accommodation 13985 0.4 5594
Total 46116 16719

Emissions from ICT devices are also included in the calculation. The amounts of each device
at all facilities are collected in Table 14. Emissions are calculated for a year, not for the
whole life cycle of the device. The emission factors of both printers are calculated from the
emission factor by WWF (2018), assuming a five-year-long lifetime for both printers. The
rest of the emission factors are published by Judl et al. (2020, 67).
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Table 14. Emissions from ICT devices.

Emission source Number of devices Emission factor Emissions
[pcs] [kg COze/pcs] [kg COze/a]
Multifunction printer 4 82 328
Small printer 3 16 48
Computer 25 70 1750
Screens/TVs 21 64 1344
Phones 22 20 440
Tablets 12 20 240
Total 87 4150

GHG emissions from data transfer are also included in the calculation. The emission factor
used is a common emission factor for data transfer published by Vaski (2023). The data on
consumption is received from data transfer companies. Generated emissions are shown in
Table /5. The impact of data transfer on the company’s total emissions is minimal, but it is
included in the calculation to see if the use of Al will increase the data transfer. This result

will be used to compare the consumption in the future.

Table 15. Emissions from data transfer.

Emission source Consumption Emission factor Emissions
[Gt/a] [kg CO2e/Gt] [kg COze/a]
Data transfer, DNA 13636 0.019 259
Data transfer, 10888 0.019 207
Kolibrit IT Oy
Total 24524 466

In Table 16, emissions from materials that are used in the production phase are presented.
Consumed gases are presented as the weight of gas and items, including clothing, tools, and
products such as IBC containers and roll-offs, that are used in production and transportation,
are measured using the spent money. The consumptions are received from invoices and

companies selling the gases.

The emission factors for SK-18 and SK-25 were not available, and therefore, they are

calculated using a common emission factor for welding gases and the density of argon and



58

COz. SK-18 consists of 82 % of argon and 18 % of CO> (Woikoski n.d), and SK-25 of 75 %
of argon and 25 % of CO, (Woikoski n.d). The densities of CO; and argon are 1.98 kg/m’
and 1.78 kg/m® (Woikoski n.d), so the densities of SK-18 and SK-25 are 1.816 kg/m® and
1.83 kg/m®. The common emission factor for welding gases is 0.16895639 kg CO.e/m?
(Climatiq 2022b). Using these values, the emission factor of SK-18 can be determined to be
0.307 kg COze/kg and 0.309 kg COze/kg for SK-25.

Table 16. Emissions from materials used in the production.

Emission source Consumption Emission factor Emissions Reference
[kg/a] [kg CO»e/kg] [kg COye/a]
817 0.41 335 Carboncloud
Oxygen
n.d.a
32897 0.41 Carboncloud
Liquid oxygen 13488
n.d.a
2.34 0.05 Carboncloud
Nitrogen 0.12
n.d.b
Liquefied gas 2850 2.984 8504 Climatiq 2023
SK-18 30.62 0.307 9.40 Climatiq 2022
SK-25 34.25 0.309 10.58 Climatiq 2022
Consumption
[€]
64053 0.7 Nissinen &
Tools 44837 Savolainen
2019, 59
39301 0.3 Nissinen &
Work clothing 11790 Savolainen
2019, 59
Containers, rolloffs 83273 0.6 Linden 2025
49964
etc.
Total 128938.1

In addition to purchases for production and transportation, some general operational
purchases are included in the calculation. In Table /7, emissions produced from office
supplies and food are shown. The food category includes consumption in grocery stores,
restaurants, and catering services. The emission factors used are from the publication by

Nissinen & Savolainen (2019, 59).
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Emission source Consumption Emission factor Emissions
[€/a] [kg COe/€] [kg COze/a]
Office supplies 5867 0.19 1115
Food 158587 0.35 55505
Total 164454 56620

6.3 Interpretation of results

In this section, the results of section 6.2 are analysed first as a total carbon footprint of the

company in 6.3.1, and then separately for each scope in subsections 6.3.2-6.3.4. In 6.3.5,

uncertainties of the calculation and their impact on results are analysed.

6.3.1 Total emissions

The total carbon footprint, including GHG emissions in scopes 1-3, is calculated in Table

18. Also, the share of each category is calculated. It can be noticed that the majority of the

generated GHG emissions are in scope 3, covering over 60 % of the total emissions. Scope

1 and 2 emissions account for 40 % of total emissions, of which scope 1 emissions cover

over 67 %.

Table 18. Total emissions.

Emissions [t CO,e/a] Share [%]
Scope 1 1123.2 26.5
Scope 2 542.6 12.8
Scope 3 2568.6 60.7
Total 42344 100

In Figure 7, the distribution of emissions between different categories is shown. The most

significant emission sources are fuels for vehicles and work machines, electricity,

production’s waste management, and transportation. The fuels equal the scope 1 emissions

and the electricity scope 2 emissions. The rest of the emission sources are in scope 3. The
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transportation sector includes emissions from purchased services concerning transportation,

production and distribution of fuels, and sea freight.

Business travel _ ICT devices _Data transfer _ General _ Materials for
0% Commuting? % — 0% ~___pperational production
204 “ ases 3%
Water .

0%

Offices"waste
management
0%

Figure 7. The distribution of emissions.

To calculate the carbon footprint per tonne, the total amount of processed materials by the
company is needed. In 2025, 71076 tonnes of different materials were received from
customers. When the carbon footprint of the company is divided by the total amount of
processed materials, the carbon footprint of a tonne of scrap metal is discovered. The

calculation is shown in equation 4.

t COze kg COze

= 0,0595757 ...—*= ~ 59.6 ——* “4)

4234.4t COqe
71076 t

This value is an average value for materials processed by Romu Keinidnen. The company
processes many different types of metal that are processed in different ways. Therefore, the
production of GHG emissions varies between different metal types. However, this value
represents the average emissions produced. In addition to reporting current emissions, this

value is an easy indicator for comparing the company's carbon footprint over the years. The
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result presented in a unit, GHG emissions per tonne, considers, in addition to GHG

emissions, the size of the company’s operations each year.

6.3.2 Scope 1

The total scope 1 emissions of Romu Keindnen in 2025 were 1223.2 t COze. The most
consuming sector of the company in scope 1 is transportation. It accounts for over 56 % of
scope 1 emissions, including emissions of fuels used in the company’s vehicles. GHG
emissions produced at all facilities account for the rest 43 % of scope 1 emissions. Karjaa
and Vantaa are the most significant facilities in producing GHG emissions, both accounting
for approximately 15 % of all scope 1 emissions. The impact of light fuel oil used in work
machines at worksites is minimal. In Figure 8, scope 1 emissions are presented by each

facility and transportation.

Worksites

0% —l

Espoo
6 %

Tammisaari

7%

Figure 8. Scope 1 emissions by facility.
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The amount of fuel consumed in transportation is over 44,000 litres higher than at all
facilities together. Also, the emission factor of diesel, which is used to calculate emissions
from transportation, is higher than the emission factor of light fuel oil used to fuel work
machines at facilities. These reasons explain the large share of emissions produced due to

transportation.

The difference between the facilities is explained by the number of work machines at each
facility. In Karjaa and Vantaa, three material handling machines are used. During the first
four months of 2025, four material handling machines were in use in Karjaa, which explains
the higher consumption in Karjaa compared to the consumption in Vantaa. In Espoo, only
one material handling machine was used, and therefore, its impact on GHG emissions is low
compared to the other facilities. In Tammisaari, two material handling machines were used

for six months in 2025. Therefore, the emissions are on the same level as in Espoo.

6.3.3 Scope 2

The market-based scope 2 emissions were 542.6 t COze and the location-based emissions 36
t COze in 2025. The market-based emissions accounted 12.8 % of the company’s total GHG
emissions in 2025. Karjaa and Tammisaari were the most significant emission producers in
scope 2, both producing approximately 40 % of all emissions in scope 2. The share of

emissions between facilities is shown in Figure 9 below.
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mVantaa = Espoo w Karjaa = Tammisaari

Figure 9. Scope 2 emissions by facility.

The high electricity consumption in Karjaa and Tammisaari is due to electric machinery. All
machines in the separation process of the shedder plant in Tammisaari are electric. In Karjaa,
a large cutter is used daily to cut iron, which increases the consumption of electricity.
However, electricity consumption and emissions in Tammisaari are relatively low. The plant
was only in use for six months in 2025, which lowers the annual consumption in 2025

significantly.

The difference between market-based and location-based emissions is notable. The emission
factor of the chosen electricity company is over 15 times higher than the average emission
factor in Finland. Therefore, the results of market-based emissions are also 15 times larger
than in the calculation of location-based emissions. In Figure 10, the differences between
these two approaches are illustrated when market-based and location-based emissions of
each facility are shown. It can be noticed that the difference in the number of produced
emissions between these approaches increases in line with the increase in electricity

consumption.
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Figure 10. Market-based and location-based emissions by facilities.
6.3.4 Scope 3

In 2025, the scope 3 emissions of the company were 2568.6 t COze. The largest emission
sources were production’s waste management and transportation sector, including purchased
services, fuel production and distribution, and sea freight. The distribution of emissions is

shown in Figure /7 below.
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Figure 11. Scope 3 emissions.

The largest emission source in scope 3 and in total emissions is the production’s waste
management. The most significant emission source is the management of mixed waste,
which accounts for 83 % of waste management emissions. Different oils account for
approximately 10 % of emissions. The share of other wastes is very small compared to these
two wastes. The amount of mixed waste from the production phase is massive, up to 2800 t.
The production of oils is much smaller, only 98 t, but the emission factor of hazardous waste
is higher than the emission factor of mixed waste. In Figure 12, the distribution of generated

emissions between waste products is shown.
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Figure 12. The emission distribution between different wastes.

Scope 3 transportation emissions totalled 879 t COze in 2025, including GHG emissions
from sea freight, services purchased for the transportation sector, and fuel production and
distribution. In Figure 13 below, the share of each category is shown. The most significant
emission source is sea freight, covering 45 % of transportation emissions. Purchased
services, including subcontract transportation, and maintenance and reparation of vehicles,

cover 35 %, and the rest 20 % of emissions are scope 3 emissions of diesel and petrol.

Figure 13. The distribution of emissions concerning transportation [ t COze/a].
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The majority of the employees commute by car, which can be seen in Figure 14, presenting
the GHG emissions from commuting. In total, 70.9 t COze was produced in 2025 due to
commuting, and 70.7 t COze was from the use of cars. Petrol- and diesel-driven cars were
the most common, and most of the emissions are produced by those. Only a few hybrid and

electric cars appeared in the survey.

All facilities are located in industrial areas. Most of the facilities are far from residential
areas and city centres, which makes using public transport more difficult. Also, the distance
to work for many employees is so long that walking or cycling is not the easiest option. Only

four employees used a bus, walked, or cycled to work according to the survey.

Emission [t COse]

Car, diesel Car, petrol  Car, hybrid Car, electric Bus Bike

Figure 14. Emissions from commuting.

Scope 3 emissions from business travel were 16.7 t COze, covering 0.7 % of scope 3
emissions. In Figure 15, it is shown how emissions are distributed between different
emission sources. The most significant emission sources are kilometer allowances and
accommodation, which both produced approximately 6 t COze. Also, the impact of
purchased flight tickets is almost 4 t COze. Travelling by taxis, ferries, and trains does not

notably affect emissions.
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Figure 15. Emissions from business travel.

Emissions from purchased materials and items used in the production phase were 128.9 t
COze in 2025 and accounted for 5 % of the company’s scope 3 emissions. In this category,
the purchased gases and liquids used in the production phase account for 17 % of emissions
in this category. Liquid oxygen and liquefied gas were the most significant materials from
those. Tools, work clothing, and items used in production were measured based on the
money spent. Their share of the emissions is more significant, over 82 %. Tools and items,
including, for instance, containers and roll-offs, are the largest emission sources in this

category. In Figure 16, the produced emissions are shown.
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Figure 16. Emissions from materials used in the production.
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The impact of general operational purchases, including food and office supplies, is 2.2 % of
scope 3 emissions, of which up to 98 % was from purchases at grocery stores, restaurants,
and catering. The impact of office supplies is very small, only 0.04 % of the total scope 3

emissions.

The impact of waste management in offices, water use, ICT devices, and data transfer on the
carbon footprint of the company is minor. These emission sources together cover only 0.34
% of the scope 3 emissions. However, these categories can provide interesting information
in the future, for example, on the impacts of increasing recycling at offices or on Al use.
Therefore, they are included in the calculation also for the future, even though they do not

make any notable changes in the carbon footprint.

6.3.5 Uncertainties

The most significant uncertainty in the results of scopes 1 and 2 is the downtime of the
shredder plant in Tammisaari in 2025. The plant was not in use from January to July, which
notably reduced fuel and electricity consumption. The impact is significant, especially in
scope 2 emissions due to the high electricity consumption of separation machines. Therefore,
GHG emissions produced in 2026 are expected to be higher than in 2025, even though some
changes towards carbon neutrality would be made. This uncertainty is considered in
emissions reduction planning by calculating the consumption of a typical year and using it

instead of the measured consumption in 2025.

The accuracy of the used emission factors also increases the uncertainty of the calculation.
Emission factors are taken from as reliable sources as possible, but finding factors for some
emission sources was challenging. For some emission sources, various emission factors are
available, and the most suitable one has been chosen. Some emission factors are calculated
using available data and adapting it to a desired form. Emission factors of welding gases are

examples of this application.

Using spend-based emission factors also increases the uncertainty. Spend-based calculations
are considered to have lower accuracy than activity-based calculations. Spend-based

emission factors do not account for differences in emission intensities, and the fluctuation in
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prices impacts the accuracy of the emission factor. However, it is an easy way to calculate

emissions when activity data is not available. (Jeong et al. 2025.)

The carbon footprint calculation of Romu Keinénen was intended to be broad, and therefore,
some spend-based calculation is included to measure some scope 3 emissions. The emissions
from subcontract transportation, maintenance and repair of vehicles and work machines,
business travel, food, office supplies, clothing, and tools are measured using spend-based
values due to a lack of activity data. The problem with spend-based calculation, in addition
to lower accuracy, is the challenge of reducing calculated emissions from these emission
sources. The way to reduce calculated emissions is to reduce purchasing, which is not always
the best solution. For example, purchasing subcontract transportation can not be decreased,
but choosing a company offering more environmentally friendly services can reduce the
actual GHG emissions. This decision is not notified in spend-based calculations if the price

of the service is not lower.

In addition to the measuring method of spend-based calculations, the amount of money spent
on products and services also increases the uncertainty of the calculation. The values used
are taken from the general ledger of the company. Invoices are categorized, and the total
amount of different categories is used in calculations. Only harsh sorting of invoices is
carried out, which means that the amounts also include costs other than the specific product,
for example, delivery costs. To make the calculation process easy to repeat every year, it has

been chosen that this simplification is made to avoid an insignificant workload.
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7 Pathway to carbon neutrality

Romu Keindnen aims to be carbon neutral by 2035 in its scope 1 and 2 emissions. The
pathway towards the goal is planned in accordance with the guidelines of the Net-Zero
Standard by SBTi. The base year of the plan is 2025, and the target year is 2035. Carbon
neutrality is intended to be achieved in 10 years, and therefore, near-term and long-term

SBTs are not determined separately.

The carbon footprint of Romu Keindnen in 2025 was calculated in chapter 6. The emissions
produced in scopes 1 and 2 were 1666 t COze in total. To achieve carbon neutrality by 2035,
the average emission reduction should be 166.6 t COze each year during the following 10

years.

In section 7.1, different methods to reduce emissions are analysed. The focus is on scopes 1
and 2, but scope 3 is also taken into consideration, even though it is not a part of the carbon
neutrality target. The implementation plan of the chosen reduction methods is developed in

section 7.2, in which a carbon roadmap towards carbon neutrality is designed.

7.1 Methods to reduce GHG emissions

In this section, possible methods to reduce the GHG emissions of Romu Keinénen are
considered. Analysing is completed separately for each scope. The chosen reduction
methods in scopes 1 and 2 are used in 7.2 to design a carbon roadmap towards carbon
neutrality. Some reduction methods for scope 3 are also presented, even though those

emissions are not included in the carbon neutrality target.

7.1.1 Scope 1

Scope 1 emissions of Romu Keindnen consist of different fuels used in vehicles and work
machines, including material handling machines, wheel loaders, and forklifts. Currently,

vehicles are mainly diesel-fuelled, and working machines are fuelled with light fuel oil.
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Small amounts of petrol and HVO are also consumed. However, during the development of
the emission reduction plan, an assumption is made that all fuels currently used in

transportation are diesel, and fuels used at facilities are light fuel oil.

When choosing suitable emission reduction methods for Romu Keindnen, in addition to
meeting the set targets, the economic aspect is also considered. The realistic options for
Romu Keinédnen to reduce scope 1 emissions are using more environmentally friendly fuels
or electrifying work machines and vehicles. Also, by reducing the fuel consumption,
emissions can be reduced. Increasing energy efficiency by optimizing driving routes and
avoiding empty running can lower fuel consumption and thus, GHG emissions simply by
changing behaviour. Educating employees to operate in a more energy-efficient way is an
easy method to reduce energy consumption and GHG emissions. Also, investing in more
energy-efficient vehicles and work machines would decrease fuel consumption. However,
investments should rather be directed straight to electric machines, not energy-efficient

diesel-driven machines.

The benefits of using more environmentally friendly fuels, such as HVO, are lower
emissions and an easy transition. Switching from diesel and light fuel oil to HVO in vehicles
and work machines does not require any changes to infrastructure or machines, and
therefore, investments in this transition are not needed. The emission factor of HVO is over
63 % lower than the emission factor of light fuel oil and diesel. The generated emissions
from HVO are mostly biogenic CO; emissions. These emissions are also aimed to be reduced
to zero. Substituting currently used fuels with HVO, notable emission reductions can be
achieved. However, HVO is more expensive than traditional fossil-based diesel. The amount
of money spent on purchasing fuel would increase due to this transition. Therefore, the

transition can be implemented in stages to balance increasing costs.

Romu Keindnen aims to be carbon neutral, but it can not be achieved only by changing to
use HVO as a fuel due to the small scope 1 emissions and biogenic CO; emissions of it.
Electric vehicles and work machines enable achieving carbon neutrality in scope 1, and with
emission-free electricity, scope 2 emissions can also be zero. However, the electrification of
vehicles and work machines requires investment in new machines and a charging system.
All currently used vehicles and work machines must be replaced with electric ones, which
requires a notable investment from the company. However, after investing in new

machinery, operating costs would be lower. The cost of purchasing electricity to charge
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machines is lower than buying diesel or light fuel oil, especially if it is performed at own
charging stations instead of public charging stations. Also, the maintenance costs of electric

machines are significantly lower. (Rekkatekniikka 2026).

Romu Keinénen already owns two electric material handling machines, one in Karjaa and
one in Tammisaari. It has been noted that the operating costs of these machines are
approximately only a third compared to the costs of material handling machines using light
fuel oil. Operating costs include costs from energy and maintenance. Also, the lifetime of
electric machines is expected to be longer, making investing in electric machines more

profitable. (Keinidnen 2026.)

The emissions production between different energy sources can be compared by calculating
the consumption of each energy source and using its emission factor. The amount of

electricity required to replace diesel and light fuel oil can be calculated using equation 5.

Ectectric = Vfuel 36 Nelectric

, in which Eelectric 15 the needed electricity amount [kWh], Vel the consumption of diesel or
light fuel oil [1], H the heating value of the fuel [MJ/kg], p the density of the fuel [kg/m?],
Nruel the efficiency of the diesel or light fuel motor [%] and nelectric the efficiency of the electric

motor [%].

In Table 79, the values used to substitute diesel and light fuel oil are shown separately. The

amount of required electricity is calculated for substituting 1 litre of fuel.

Table 19. Used values to substitute fuels with electricity.

Diesel Light fuel oil Reference
H [MJ/kg] 42.8 43.2 Statistics Finland 2025b
p [kg/1] 0.807 0.830 Statistics Finland 2025b
Mfuel 0.45 0.35 Rosero et al. 2020;
Salsabila et al. 2024
Nelectric 0.9 0.9 EPA 2026
Eeteetric [kWh] 4.797 3.873
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To find out the emission reduction potential of each machine and vehicle, the consumption
of a single material handling machine and a truck is determined. The consumption is

calculated by dividing the total consumption of the fuel by the number of machines or trucks.

In this calculation, the machinery of Romu Keinénen is simplified. Romu Keinénen owns
eight trucks and a few passenger cars that consume diesel. The impact of passenger cars is
not significant, and therefore, in this calculation, it is assumed that all purchased diesel is
consumed by trucks. Also, simplifications are made with work machines at facilities. The
consumption of forklifts and wheel loaders is much smaller than the consumption of material
handling machines. To simplify the calculations, it is assumed that only material handling

machines consume light fuel oil.

In total, Romu Keindnen owns 9 material handling machines fuelled with light fuel oil.
However, two machines in Tammisaari were in use only for six months in 2025 due to a
downtime of the plant. At the beginning of 2025, four machines used light fuel oil in Karjaa,
but in May, one was replaced with an electric machine. These four months with machines
using light fuel oil in Karjaa and the downtime of machines in Tammisaari are taken into
account in the calculation of the consumption of a single machine. In Table 20, the
consumption of a material handling machine and a truck, and emissions produced from
different energy sources are calculated. The amount of electricity needed to substitute fuels

is calculated using values from Table 19.

Table 20. The consumption and emissions of a material handling machine and a truck.

Consumption Emissions [t CO»e/a]
1 MWh Current HVO Electricity, Electricity,
Elkraft emission-
free
Machine 22636.9 87.7 59.2 22.0 34.2 0
Truck 29382.7 140.9 79.0 28.5 55.0 0

The electricity consumption of the electric material handling machine in Karjaa has been
measured, and it was 55.67 MWh from the beginning of June to the end of December. Based
on this value, the annual consumption is calculated to be approximately 95.4 MWh/a. This

measurement is in line with the calculated theoretical electricity consumption of a material
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handling machine. The measured consumption is higher than calculated due to the size of
the machine. The electric machine in Karjaa is a large material handling machine. Romu
Keindnen also has smaller material handling machines, and therefore, it can be assumed that

the calculated value represents the average consumption of a material handling machine.

In Table 27 below, the achieved emission reductions of changing the energy source from
diesel and light fuel oil to HVO or electricity are presented for a single material handling
machine and a truck. However, the electrification of machines and vehicles reduces scope 1
emissions to zero regardless of the purchased electricity. GHG emissions from electricity are

categorized as scope 2 emissions.

Table 21. The emissions reduction potential of a material handling machine and a truck by
using different energy sources [t COze/a).

HVO Electricity, Elkraft Electricity, emission-
free
Work machine 373 25.0 59.2
Truck 50.5 24.0 79.0

In Figure 17, the difference in emissions production between energy sources is illustrated.
In the graph, emissions are calculated in a scenario in which every truck and work machine
uses each energy source. The comparison shows that substituting currently used fuels with
HVO can lower GHG emissions by up to 63 %. Most of the GHG emissions from HVO are
biogenic CO». The benefits of electrification depend on the purchased electricity. Even
though electrification of the machinery neutralizes scope 1 emissions, it increases scope 2
emissions to a higher level than scope 1 and biogenic CO> emissions when using HVO if
purchased electricity is the same as in 2025. Electrifying machinery and purchasing
emission-free electricity is the only option to achieve carbon neutrality in biogenic and scope

1 and 2 emissions.
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Figure 17. GHG emissions using different energy sources.

7.1.2 Scope 2

The scope 2 emissions from purchased electricity can be lowered by purchasing emission-
free electricity or adding green electricity production to the energy system. Changing to
emission-free electricity can be slightly more expensive, depending on the contract and the
electricity company. By 2035, the annual electricity consumption of the company can be
expected to increase by approximately 1900 MWh due to the electrification of all work
machines and trucks. Therefore, controlling GHG emissions from electricity is important in

achieving carbon neutrality.

The shredder plant in Tammisaari is the most electricity-consuming facility of Romu
Keinénen. In 2025, it consumed 630 MWh, but this value does not represent a typical year
at the shredder plant due to a six-month-long downtime during 2025. A typical electricity
consumption for the plant is calculated using consumption from September to December in
2025, when consumption was balanced after the commissioning of the plant. During these
four months, the consumption was 361 MWh, so it can be assumed that a typical annual
consumption in Tammisaari is approximately 1083 MWh. Using this value, the annual
consumption of the company with current machinery is assumed to be 1840 MWh, and when

the electrification of work machines and vehicles is taken into account, the annual
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consumption of Romu Keindnen will increase to 3760 MWh. These values will be used in

the following calculations instead of the measured consumption in 2025.

Romu Keinénen has considered reducing scope 2 emissions by adding its own electricity
production to its shredder plant in Tammisaari. It has been planned that a small energy
system, including a battery and some renewable energy sources, could be constructed there.
By adding a battery to the energy system, electricity consumption could be balanced, peak
consumption from the electricity grid lowered, and the share of renewable energy increased.

The benefits would be both economic and environmental. (Keindnen 2026.)

To charge the battery with renewable, emission-free energy, electricity can be produced at
the plant. Viable options for that are utilizing solar and wind power. In Finland, a 1.1 kWp
PV system produces approximately 900 kWh/a (Helen n.d). It means that in theory, the PV
capacity of 1323 kWp would be needed to cover the current total consumption in

Tammisaari. The required number after the electrification would be 1538 kWp.

The realistic capacity of PVs that can be constructed in Tammisaari is approximately 100—
150 kWp (Keindnen 2026), leading to the production of 82—120 MWh/a. It would account
for 7-11 % of the current annual consumption of the shredder plant and 4-6 % of the total
consumption of the company. After electrification, the share would be 6-9 % in Tammisaari
and 2-3 % of the company’s total emissions. The production of solar power varies a lot
between seasons and must be taken into consideration. Electricity production is much lower
in winter, when more electricity from the grid or from other energy sources is needed to

charge the battery.

To increase the share of its own production, wind power could also be added to the system.
The capacity factor of wind power was 33 % in Finland in 2019 (Suomen Uusiutuvat n.d).
For Romu Keinénen, the appropriate size of the wind turbine could be in the range of 20-50
kW. Thus, the electricity production of solar and wind power would be approximately the
same. Using a capacity factor of 33 % to calculate electricity production, the wind power
production with a 20 kW wind turbine would be 57.8 MWh/a, and with a 50 kW wind
turbine, 144.5 MWh/a.

Wind power production is highest in winter (Suomen uusiutuvat n.d), which makes wind
and solar power a good combination. In summer, more solar power is produced, and in

winter, wind power is a more important renewable energy source. However, wind power
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production can vary widely depending on wind conditions. Therefore, wind measurements

should be completed in Tammisaari before investing in wind power production.

A battery with a capacity of 400-800 kWh is planned to be added to the energy system in
Tammisaari to store produced energy and to optimize the electricity consumption. The
electricity from PV panels and a wind turbine can be used directly at the plant, and the
surplus electricity can be stored in the battery. The battery would have a remarkable impact

on electricity costs. (Keindnen 2026.)

The battery would be programmed to charge during times when electricity from the grid is
cheap or when there is surplus electricity available from energy sources. The electricity
would be used from the battery during hours when electricity is expensive or when
consumption at the plant is high. The demand price is determined by the peak power
(Vanhanen 2025, 9). Therefore, lowering the peak power by using the battery is

economically wise and can lead to notable savings. (Keindnen 2026.)

When considering charging the battery with electricity from the grid, the charging would
usually happen during nighttime when the price of electricity is at its cheapest. Electricity
from the battery would be used usually during the daytime, when the electricity price and
the consumption are higher. The battery would be charged approximately once a day, leading
to 365 charging cycles in a year. Annually, the battery would store up to 145-290 MWh,
depending on the capacity of the battery. The annual electricity consumption in Tammisaari
is calculated to be 1083 MWh with one electric machine. The total annual electricity
consumption at the facility will increase by approximately 175 MWh due to the
electrification of work machines, which will lead to the annual consumption of 1258 MWh.
The battery with a capacity of 400-800 kWh could cover 11-23 % of the consumption in

Tammisaari after the electrification.

In Figure 18, the differences in emissions production between different options are
illustrated. The emissions are calculated by using the consumption of a typical year with the
current machinery in Tammisaari. The current situation, when all electricity is purchased
from Elkraft, has the largest GHG emissions. By adding the production of solar and wind
power, GHG emissions can be reduced, but the impact is not significant. In the graph, the
production of both solar and wind power is estimated to be 100 MWh/a. The capacity of

Romu Keindnen to produce renewable energy is not great enough to make notable changes
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in scope 2 emissions. The benefits are more economic than environmental. The only realistic

way to achieve carbon neutrality in scope 2 is to change to purchase emission-free electricity.
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Figure 18. Scope 2 emissions with different energy sources.

7.1.3 Scope 3

The three most feasible methods to reduce scope 3 emissions are changing the behaviour of
all employees, electrification of trucks, and choosing environmentally friendly companies
for purchasing materials and services. Also, increasing the processed tonnes of material
decreases the carbon footprint per tonne if the produced GHG emissions do not increase.
The most significant emissions source of the company is the management of waste produced
in the production phase. The waste generation is difficult to decrease, but by increasing the
recycling rate, GHG emissions can be reduced. Also, asking customers to separate waste
materials from metals before transportation to scrapyards can decrease the amount of mixed

waste.

Only by encouraging employees to make sustainable choices and changing their behaviour
can some of the GHG emissions be reduced. Easy ways to reduce GHG emissions without

high costs are decreasing the consumption of water and materials, adding recycling systems
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to offices, and preferring environmentally friendly modes of travel on business trips.
Arranging carpooling, providing bikes or public transport tickets, and increasing the
possibilities to work remotely are examples of how emissions from commuting can be

reduced (Traficom 2023).

The electrification of trucks will have positive impacts in scope 3, in addition to scope 1. If
electricity is used as a fuel, no emissions from the production and distribution of diesel are
produced. Also, the maintenance costs of electric trucks are approximately 30—40 % lower
than those of diesel-driven trucks (Rekkatekniikka 2026). The 40 % reduction in
maintenance and repair costs of trucks can lead to up to a reduction of 50 t COze when

emissions are calculated using spend-based values.

Using spent-based activity data and emission factors complicates the planning of emission
reductions. If the calculation method were changed to requesting emission factors directly
from other companies, making decisions to support sustainable companies would also be
noted in the carbon footprint calculation. GHG emissions due to sea freight and subcontract
transportation are high. Choosing companies providing these services, with consideration of
their GHG emissions, gives an opportunity to lower the company’s GHG emissions. The
same applies to other purchases, such as clothing, tools, and office supplies. However, the

calculation method must be changed to identify the impact on emissions.

7.2 Carbon roadmap

The chosen emission reduction methods for scope 1 are substituting diesel and light fuel oil
with HVO and electrifying trucks and work machines at all facilities. Scope 2 emission
reduction methods are changing to purchase emission-free electricity and adding renewable
energy production to the energy system at the shredder plant in Tammisaari. Romu Keindnen
aims to be carbon neutral by 2035, and implementations of these changes are planned in a
way that the target can be achieved. In Figure 19, the timeline of changes and the needed
average annual emission reductions are illustrated. On average, 166.6 t CO2e must be

reduced every year.
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The final goal is to electrify all work machines and trucks and consume only emission-free
electricity. According to the timeline, scope 1 emissions are planned to be zero in 2035. The
scope 2 emissions, instead, will reach carbon neutrality already in 2031. The planned
timeline is only a theoretical recommendation. The targets can be met earlier or later,
depending, for example, on the demand to purchase new machines or the financial situation
of the company. However, these changes must be implemented by 2035 at the latest to meet

the carbon neutrality target.

Some milestones on the pathway to these targets are set to make the change more
manageable and easier to follow. The electrification of work machines and trucks is planned
to start in 2027. There are nine material handling machines and eight trucks that need to be
replaced with electric ones. Material handling machines are traded in usually after 45 years
of use (Keindnen 2026). The average time with trucks is approximately the same. New
electric trucks and work machines should be purchased when the need for new ones appears.
However, electric trucks and work machines are more expensive, and therefore, it is assumed
that one material handling machine and one truck are electrified approximately once a year.
All trucks will be electrified by 2034 and material handling machines by 2035. Also, other
work machines at the facilities, such as forklifts and wheel loaders, must be electrified by
2035. However, this impact is quite small on the total emissions, so it is excluded from this

plan.
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During the electrification process, the consumed diesel and light fuel oil are planned to be
substituted with HVO. This change does not require any changes to machinery, and
therefore, in theory, could be fully implemented immediately. However, due to the higher
price of HVO, the change is planned to be gradual. The target is that in 2027, 25 % of
purchased fuel is HVO, and in 2028, the share should be 50 %. In 2029, the share will
increase to 75 %, and finally, in 2030, all purchased fuels will be HVO. This transition can
be implemented faster than planned. These targets can be considered as minimum

requirements.

The electricity consumption will increase every year due to an increased number of electric
machines and vehicles. The purchased electricity will be changed from the current electricity
to emission-free electricity gradually, and the production of renewable energy in Tammisaari
is implemented in stages. The facilities in Vantaa and Espoo consume approximately 12 %
of the electricity consumed by the whole company in a typical year. The share in Karjaa is
29 % and in Tammisaari 59 %. It is planned that the change will be made first in 2027 in
Vantaa and Espoo. In Karjaa, the electricity contract will be changed by 2030, and finally,
in Tammisaari, by 2031. A battery and PV panels are included in the energy system in
Tammisaari in 2028, and a possible wind turbine in 2033. Adding own electricity production
will not have an impact on emissions after the change to purchase emission-free electricity.
However, it will have economic benefits and can increase the share of renewable energy,

depending on the chosen electricity product.

GHG emissions do not decrease the same amount every year. In Figure 20, the assumed
emissions for each year are calculated in a scenario where the set milestones are achieved in
the planned timeline. The emissions in 2025 are from the calculations in 6.2.1 and 6.2.2. The
values in 2026 represent the calculated emissions of a typical year without the downtime in
Tammisaari. The electricity consumption for each year is calculated, including the charging

of work machines and trucks. Charging trucks at external charging stations is not considered.
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Figure 20. Emissions produced 2025-2035.

GHG emissions are predicted to increase between 2025 and 2026 due to expected higher
consumption of fuels and electricity in 2026. The six-month-long downtime of the
company’s shredder plant notably lowered the consumption in 2025, which also affected the
GHG emissions. However, after 2026, GHG emissions are planned to be reduced every year.
The most significant reductions will take place during the first five years, when all fuels are
substituted with HVO and purchased electricity is replaced with emission-free electricity.
After 2030, the only emission source will be HVO, which will be reduced to zero by 2035

due to electrification.
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8 Discussion

In this chapter, the results of the study are discussed. First, in 8.1, a sensitivity analysis for
the significant emissions sources is performed. In 8.2, the carbon footprint of Romu
Keindnen is compared to the GHG emissions of other scrap metal recycling companies. In

the end, in 8.3, recommendations are made.

8.1 Sensitivity analysis

A sensitivity analysis is completed to recognise uncertainties of the carbon footprint
calculation and the sensitivity of the results. In chapter 7, the impacts of changes in fuel and
electricity consumption have already been analysed and are therefore not included in this
sensitivity analysis. The impacts of variety in mixed waste generation and in sea freight are
analysed. They are significant emission sources, both in scope 3 and in total emissions. The
waste management of generated mixed waste in the production phase accounts for over 27

% of the company’s total emissions. The share of sea freight is 9 %.

For both emission sources, GHG emissions are calculated in two scenarios in which the
activity increases and decreases by 20 %. In Figure 21, the impact of the increase and
decrease on GHG emissions of the waste management of mixed waste is shown. The amount
of generated mixed waste 1s aimed to decrease in the future, which would reduce emissions

and increase the recycling rate of the company.
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Figure 21. The sensitivity analysis of mixed waste generation.

The 20 % change in mixed waste generation would reduce or increase GHG emissions by
234 t COze/a. The 20 % decrease lowers the share of emissions due to mixed waste in the
company’s total emissions from 27 % to 23 %. The reduction in scope 3 emissions would be
from 46 % to 40 %. The 20 % increase, instead, would raise the share to 31 % in total
emissions and to 50 % in scope 3. The change in total emissions due to the increase or

decrease would be up to 5 %.

In Figure 22, the GHG emissions of different scenarios in sea freight are illustrated. The
number of processed materials by Romu Keindnen is aimed to be increased. It would also

lead to an increase in the amount of transported scrap metal by cargo ships.
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Figure 22. The sensitivity analysis of sea freight.

The 20 % increase or decrease in the amount of sea freight makes the difference of 79 t
COze/a in the company’s GHG emissions. The decrease in emissions would lower the share
of sea freight in total emissions from 9 % to 7 % and in scope 3 emissions from 15 % to 13
%. With the 20 % increase in sea freight, GHG emissions from it would account for 11 % of
the company’s total emissions and 18 % of scope 3 emissions. The 20 % change would

increase or decrease the total carbon footprint by approximately 2 %.

8.2 Comparison to the carbon footprints of other scrap metal recycling companies

Romu Keindnen's carbon footprint is compared with that of other metal recycling companies.
Only a few scrap metal recycling companies in Finland have calculated their GHG
emissions, and no average values are available in Finland or in Europe. In Table 22, the
carbon footprints of scrap metal recycling companies that have published their GHG
emissions are shown. The value represents the average GHG emissions per processed tonne

of materials.
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Table 22. GHG emissions of different scrap metal companies in Finland (Kuusakoski 2025;
Stena Recycling 2026; Kajaanin Romu 2024).

Company

Romu Keinédnen

Kuusakoski

Stena Recycling

Kajaanin Romu

GHG emissions

60

95

66

46

[kg COze/t]

All compared companies operate in Finland and recycle scrap metal. However, Kuusakoski
and Stena Recycling also operate in other countries, and their activities are broader than
those of Romu Keindnen and Kajaanin Romu, for example, in the range of different recycled
materials. Kuusakoski’s carbon footprint per tonne is a specified value for its operations in
Finland. The value of Stena Recycling, instead, is calculated using the total emissions of the
company and the number of processed materials. It is a common value for all countries, not
only for operations in Finland. (Kuusakoski 2025; Stena Recycling 2026; Kajaanin Romu
2024.)

The results of all companies compared vary between 46 and 95 kg CO2e/t. The average of
all values is 66.75 kg COze/t. The carbon footprint of Romu Keinénen is the second lowest,
and it is approximately 7 kg COze/t lower than the calculated average value. Many factors
influence the differences in emissions between companies. The company size and the scope
of activities have a significant impact on total emissions. The extent to which materials are
transported by company-owned vehicles directly affects scope 1 emissions. In addition, the
number of work machines has an impact on emissions, even though calculating emissions

per tonne reduces the impact of differences in company size.

In addition, an important contributor to the results is the inclusion of emission sources in
scope 3. All companies have reported their emissions in scopes 1 and 2, but the inclusion of
scope 3 emission sources varies between companies. Kajaanin Romu accounted for scope 3
emissions from waste management, transportation of materials and wastes, production of
fuels used in the company’s vehicles and in material transportation, business travel, and
indirect emissions from electricity generation (Kajaanin Romu 2024). Kuusakoski included
only GHG emissions from logistics and materials used in the production phase (Kuusakoski
2025). The GHG inventory of Stena Recycling is the broadest. It includes almost every scope
3 emission source determined in the GHG Protocol that is presented in Figure / (Stena

Recycling 2026).
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It can be noticed that the range of scope 3 emissions included does not directly impact the
emissions per tonne. Kuusakoski has the highest value in emissions produced per tonne, with
the smallest inclusion of scope 3 emission sources. Kajaanin Romu has the lowest carbon
footprint, but the share of scope 3 emissions in total emissions is only 25 % (Kajaanin Romu
2024). On average, scope 3 emissions account for approximately 75 % of total emissions

(TDC Venture 2025).

From these values and differences in emission source inclusions, it can be noticed that
reporting on the calculation process is very important. Comparing values without knowing
the included emission sources can lead to wrong assumptions. The carbon footprint of Romu
Keindnen and the inclusion of scope 3 emissions can be said to be at an average level. All
relevant emission sources in scope 3 are included, and the result is in line with the

calculations of other companies.

8.3 Recommendations

Recommendations for Romu Keinédnen’s further carbon footprint calculations and emissions
reductions are made in this section. First, in 8.3.1, the recommendations to improve the
calculation process are explained, and in 8.3.2, the focus is on the needed actions to achieve

emission targets and the reasons for doing so.

8.3.1 Carbon footprint calculation

The carbon footprint calculation process for a scrap metal recycling company is developed
in this thesis. The range of scope 3 emissions sources included in the calculation is
determined, and the assumptions and simplifications made are justified. In the case of Romu
Keinénen, the decisions made are expected to be the same in the calculation process in the

following years to make results comparable.

To make the calculation process a yearly routine, the process should be added to the
company’s EMS. The roles and responsibilities of the process must be divided in EMS. An
appointed person should oversee the steps of data collection, the use of the Excel tool, and

reporting on the results, and everyone participating in the process should be educated for
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their tasks. Also, determining the schedule in EMS for yearly calculation eases the
implementation of the process when clear deadlines for each step of the calculation process

are set.

The data accuracy of GHG emission calculations in scope 3 could be improved by changing
data sources and calculation methods. Using spend-based activity data increases uncertainty
in the calculation and makes reducing GHG emissions more challenging. Measuring the
consumption should be converted to be data-based instead of spend-based. Also, some
emission sources would be wise to measure using supplier-specific emission factors, for
instance, in emissions from sea freight and subcontract transportation, to notice differences

between companies offering these services.

8.3.2 Reducing GHG emissions

In this thesis, a carbon roadmap towards carbon neutrality has been developed, and different
emission reduction methods have been analysed. The developed pathway is a suggestion,
and the implementation depends on the decisions made by the board of the company. Some
reduction methods demand planning and investments, such as the electrification of vehicles

and work machines, but some reductions can be achieved by small changes in everyday life.

Substituting fossil fuels with biofuels, electrifying machines, and purchasing emission-free
electricity are the most important ways to reduce the company’s GHG emissions. In addition
to technological solutions to reduce GHG emissions, employee sustainability behaviour
plays an important role in achieving the carbon neutrality target. A company with a clear
purpose can enhance the motivation of employees to act more sustainably and contribute to
the emission reduction goals. Embedding sustainability into the company’s operational
culture can also increase employee engagement and help achieve carbon neutrality.

(Bhattacharya et al. 2023, 964-966.)

Employees directly affect the consumption of the company and thus can also reduce GHG
emissions. Consuming less fuel, for example, by avoiding empty running, avoiding
unnecessary consumption of water and electricity, and preferring ecological transportation
modes in commuting and business travel, are great examples of small changes in everyday

life. By educating and promoting sustainable behaviour, these changes can be implemented
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easily. Also, assessing the carbon footprint of companies, from which products and services
are purchased, and adding it to the criteria of decision to purchase would increase the role of

sustainability in the company’s operational culture and promote GHG emission reductions.

In addition to reducing GHG emissions and achieving carbon neutrality, other benefits of
reducing emissions are worth considering. Even though some changes require investments,
changes towards carbon neutrality can also save money in the long run. Electrification of
work machines and trucks decreases operational costs, and generating own renewable energy
reduces electricity consumption from the grid, leading to savings in electricity costs. Also,

changes in behaviour to consume less reduce not only GHG emissions but also money.

A good reputation for the company is also a potential benefit of reducing GHG emissions.
Actions to combat climate change, set emission reduction targets, and report on
environmental performance show the company’s commitment to sustainability and can
improve its corporate image. These measures increase transparency and signal
environmental responsibility to stakeholders, thereby enhancing the corporate reputation.

(Khalid et al. 2023 1786, 1789, 1798.)
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9 Conclusions

The environmental benefits of scrap metal recycling compared to metal production from
primary sources are significant. The number of GHG emissions generated in the metal
recycling process is much lower, fewer metals are disposed of at landfills, and the scarcity
of metals is reduced. However, scrap metal recycling also generates GHG emissions. The
carbon footprint of scrap metal recycling companies is worth calculating to identify the
avoided GHG emissions due to recycling. Companies can utilize calculations in marketing,

sustainability reporting, and investment plans.

This thesis aimed to develop a carbon footprint calculation process and a carbon roadmap
towards carbon neutrality for a scrap metal recycling company. Romu Keindnen was a case
company in this thesis, and the carbon footprint and emission reductions were calculated
using its data. In addition to the thesis, a calculation tool was developed for the company for

carbon footprint calculations in the future.

The carbon footprint of Romu Keinénen was calculated following the GHG Protocol for the
year 2025. Scope 1 and 2 emission sources consisted of fuels used for vehicles and work
machines, and purchased electricity. The selection of scope 3 emission sources included was
made based on the significance of the source and the chances of impacting it. Waste
management, water use, transportation of materials, commuting, business travel, ICT
devices, data transfer, materials used in production, and some general operational purchases

were the chosen emission sources.

The carbon footprint of Romu Keindnen was calculated to be 4234 t COze in 2025. When
the number of processed materials was considered, the result was 59.6 kg COze per tonne of
processed material. Approximately 27 % of total emissions consisted of scope 1 emissions,
13 % were from scope 2, and the rest from emission sources in scope 3. The most significant
emission sources were the management of waste generated in the production phase, fuels
used in the company’s vehicles and work machines, and scope 3 emissions due to
transportation of materials, including the production and distribution of fuels, sea freight,

and purchased services.
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Only a few scrap metal recycling companies in Finland have calculated their GHG
emissions, and no average carbon footprints for a processed tonne of scrap metal are
available in Finland or globally. Also, available values are calculated with different scopes,
which makes comparing more challenging. However, the carbon footprint of Romu
Keininen is on the same level as that of other similar companies, and GHG emissions can

be said to represent the value of a typical scrap metal recycling company.

The carbon footprint of Romu Keinénen can also be compared to GHG emissions of the
primary production of metals to identify the amount of avoided GHG emissions. The carbon
footprint of primary steel is approximately 1800 kg COze/t. The GHG emissions from Romu
Keindnen’s activities are only 3 % of that value. It indicates that the GHG emissions of

recycling are minimal, and the savings in GHG emissions are significant.

Romu Keinédnen aims to be carbon neutral by 2035 in scope 1 and 2 emissions. The emission
reductions are planned by following the SBTi’s Net-Zero Standard. The best methods to
reduce scope 1 emissions are substituting fossil fuels used in vehicles and work machines
with HVO and electrifying them gradually. The emission reductions needed in scope 2 can
be achieved by changing to purchase emission-free electricity and increasing renewable
energy production at the company's shredder plant. The timeline for implementing these

changes is illustrated in the planned carbon roadmap.

The most significant uncertainties of the study were the data accuracy and the downtime of
the company’s shredder plant, which decreased the fuel and electricity consumption in 2025
notably. The uncertainties were analysed by calculating the consumption for a typical year
without downtime. Also, a sensitivity analysis was performed to notice the impact of the
amount of generated mixed waste and sea freight. In the future, improving data accuracy by

using data-based values in activity data instead of spend-based values is recommended.

The calculation process and carbon roadmap were developed based on Romu Keindnen’s
needs and targets, and implementation is performed using its data. However, the calculation
process and planned emission reduction methods are also relevant to other scrap metal
recycling companies with similar activities. In the future, more research on the GHG
emissions of scrap metal recycling companies will be needed. More companies calculating
their GHG emissions would make comparing companies easier and working towards more

sustainable actions the norm.
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