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This thesis looks at whether increases in United States tariffs have had an effect on the export
of secondary raw materials from Finland to the United States between 2015 and 2024. In
recent years, the circular economy has become more important, as countries try to reduce
waste and use resources more efficiently by applying new technologies in material
processing. Because of this, trade in materials like metal scrap, plastic waste and other
recyclable materials has become interesting. At the same time, changes in trade policy,
especially tariffs introduced by the United States, have raised questions about how such
policies might influence global trade flows, including the movement of secondary raw
materials.

The study focuses on exports from Finland to the United States and uses statistical trade data
from Finnish Customs. Methods such as correlation and regression analysis are applied to
examine whether there is any relationship between tariff increases and export volumes of
these materials. In addition, expert insights from Finnish Customs are used to better
understand what else may affect this type of trade in practice.

The results show that exports of secondary raw materials from Finland to the United States
are relatively small compared to overall trade volumes, and they mainly consist of metal
scrap. The statistical analysis indicates only a weak positive relationship between tariff
increases and export volumes, but the results are not statistically significant. This means that
no clear conclusions can be made about the direct impact of tariffs on these exports. Expert
views also suggest that other factors, such as EU waste legislation, regulatory requirements
and general market conditions, play a more important role in shaping trade flows than tariff
policy alone.
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Téssd diplomitydsséd tarkastellaan, ovatko Yhdysvaltojen tullien korotukset vaikuttaneet
sekundédristen raaka-aineiden vientiin Suomesta Yhdysvaltoihin vuosina 2015-2024. Viime
vuosina kiertotalouden merkitys on kasvanut, kun maat pyrkivit kdyttdimaan resursseja
tehokkaammin hyodyntdméllad uusia teknologioita materiaalien kisittelysséd ja esimerkiksi
metalliromun ja muiden kierritettdvien materiaalien kauppa on ollut kasvussa. Samalla
kauppapolititkan muutokset, erityisesti Yhdysvaltojen tullipolititkka, ovat herétténeet
kysymyksié siitd, miten tillaiset toimenpiteet vaikuttavat kansainvélisiin kauppavirtoihin,
mukaan lukien sekundédristen raaka-aineiden litkkuminen.

Tutkimus keskittyy Suomen ja Yhdysvaltojen véliseen vientiin ja perustuu Suomen Tullin
aineistoon. Aineistoa analysoidaan korrelaatio- ja regressioanalyysin avulla, jotta voidaan
selvittdd, onko tullien korotuksilla yhteyttd ndiden materiaalien vientimiiriin. Lisdksi
tutkimuksessa toteutetaan Tullin asiantuntijoiden haastattelut, jotta saadaan parempi kisitys
siitd, mitkd muut tekijat voivat vaikuttaa timén tyyppiseen kauppaan kdytannossa.

Tulokset osoittavat, ettd sekundééristen raaka-aineiden vienti Suomesta Yhdysvaltoihin on
suhteellisen véhdistd verrattuna kokonaisvientiin, ja se koostuu péddasiassa metalliromusta.
Tilastollinen analyysi osoittaa vain heikon positiivisen korrelaation tullien korotusten ja
vientimadrien valilld, mutta tulos ei ole tilastollisesti merkittdva. Tama tarkoittaa, ettd tullien
suorasta  vaikutuksesta  vientiin ei  voida tehdd  selkeitd  johtopadtoksid.
Asiantuntijandkemykset viittaavat myos sithen, ettd muut tekijat, kuten EU:n
jatelainsdddintd, sddntelyvaatimukset ja yleiset markkinaolosuhteet, vaikuttavat
kauppavirtoihin enemmaén kuin tullipolitiikka yksindan.
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1 Introduction

In recent years, trade in waste, scrap, and other secondary raw materials has increased
(OECD, 2019). Secondary raw materials are materials that have already been used but can
still be recycled or used again in new production. Examples include metal scrap, plastic
waste, and electronic waste (European Commission, 2008). These materials are important
for the development of a circular economy. In a circular economy, materials are reused as
much as possible and less waste is produced. Recycling helps reduce the need for new natural
resources and can also lower environmental impacts. The EU is introducing new regulations
that aim to increase recycling and reduce waste exports outside the European Union. New
rules, such as updates to the EU Waste Shipment Regulation and other circular economy
policies, aim to improve recycling within the EU and keep valuable materials in the

European market. (European Parliament, 2015.)

At the same time, international trade in these materials can be influenced by economic and
political factors. One important factor is trade policy, such as tariffs (Contractor, 2025).
Tariffs are taxes placed on imported goods. They can affect how much countries export and
import different products (U.S. Customs and Border Protection, 2025). During the last ten
years, the United States has used tariffs more actively in its trade policy. For example, in
2018 the U.S. introduced tariffs on steel and aluminum imports, which led to trade tensions
with several countries. Since then, tariff policies have continued to play an important role in
U.S. trade relations and have sometimes created uncertainty in international markets.

(Contractor, 2025.)

Because tariffs can change market prices and demand, they may also affect the trade of
recyclable materials. For example, if tariffs make primary raw materials more expensive,
companies may increase the use of recycled materials instead. (Contractor, 2025.) For this
reason, it is useful to study whether changes in tariffs have influenced the trade of secondary
raw materials. This together with importance of circular economy for the environment,
reducing dependence on raw materials and creating economic and social benefits, makes an
interesting research topic. Research connects the circular economy and trade policy between
EU and U.S., both has been a very topical subjects especially during the cadencies of
President Donald Trump.
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The purpose of this thesis is to examine whether increases in United States tariffs have
affected exports of secondary raw materials from Finland to the United States between 2015
and 2024. The study focuses on materials such as metal scrap, plastic waste, textile waste,
and other mineral waste that can be recycled or reused. The analysis is based on statistical
trade data from the Finnish Customs database. Methods such as correlation and regression
analysis are used to see whether there is a statistical relationship between tariff changes and

export volumes.

The main research question is: Have increases in United States tariffs influenced the export
volumes of secondary raw materials from Finland to the United States during the period

2015-2024?

This thesis is structured as follows. First, the theoretical background introduces key concepts
such as secondary raw materials, the circular economy, and international trade policies,
including tariffs. Next, the study presents the research data and methods, explaining how the
statistical analysis is conducted. In addition, the study also includes information from experts
working at Finnish Customs. Their insights help explain how customs classifications,
regulations, and trade policies affect the export of waste and recyclable materials. After that,
the results of the analysis are presented and discussed. Finally, the study ends with

conclusions, limitations, and suggestions for future research.
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2 Circular economy

Circular economy is an economic model design to decouple growth from resource
consumption by keeping materials, products and value circulating in the system for as long
as possible. It proposes a shift away the traditional, linear economy - where resources are
extracted, transformed into goods and products, consumed, and then eventually discarded -
toward generative system which imitates natural cycles. (Ellen MacArthur Foundation,

2019.)

The idea of the circular economy comes from different older theories. Early economists like
Boulding, Pearce and Turner explained that the economy should work like a closed system,
where resources are reused and waste is minimized. Later, ideas from systems thinking and
industrial ecology also influenced this concept. These approaches look at how industries and
the environment are connected and how materials and energy flow between them.

(Ghiselliini et al., 2016.)

The concept is build based on three main points: reducing waste and pollution as much as
possible, keeping materials and products in use for longer, and supporting the recovery of
natural systems. The aim is to re-design products and businesses to have less negative impact
on human health and environment, by minimizing release of greenhouse gases and hazardous
substances, air pollution, land and water usage and different waste. The goal of circular
economy is to preserve value, energy, labour and materials by redesigning for durability,
reuse, remanufacturing and recycling. By these activities materials, products and
components stay circulating in the economy contributing to growth but with less impact on
environment. By circularity fewer virgin materials are used, which affects the adequacy of
materials. As described in the Figure 1 there are two interconnected loops inspired by natural
biological processes: one loop for biological materials, which can be broken down by living
organisms, and another for technical, which are not biodegradable. In both loops, the
objective is to keep resources circulating within the system for as long as possible and to

minimise resource losses. (Ellen MacArthur Foundation, 2019.)
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Figure 1. Circular economy model (Ellen MacArthur Foundation, 2019).

This so called butterfly diagram illustrates that smaller inner loops sit within larger outer
loops, with the inner loops capturing the most value because they preserve a product in its
complete form. For example, a functioning smartphone is worth more than the sum of its
parts, as the time and energy invested in its production are retained. Therefore, sharing,
maintenance, and reuse should be prioritised over outer loops, which involve breaking
products down and remanufacturing them. These inner loops also reduce costs for both
businesses and consumers by extending the use of products already in circulation. (Ellen

MacArthur Foundation, 2022.)

Sharing is the first short loop in technical cycle, which is efficient and increases the
utilisation of products but not suitable for all items. For example, drill is used in a household
for 13 minutes in its entire life spam, majority of time laying untouched. There is a good
amount of different platforms, which focuses on sharing economy for goods like cars,
apartments or even wardrobe. Another way of expanding the usability of the product is to
prolong its usable life by maintenance and repairing. It requires, that the product is design

for durability. (Ellen MacArthur Foundation, 2022.)
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Going to the outer edge of the diagram loop Reuse keeps products in circulation in their
original form and purpose, preserving their value. Reuse models are expanding across
sectors, particularly in packaging, where reusable systems reduce waste—especially
plastics—and in clothing, where resale platforms extend product life and displace new
production. Next is redistribution, which prevents waste by redirecting unsold or surplus
products to new markets or customers, such as transferring unsold clothing between stores.
Refurbishment loop restores products to good working condition through repairs or
component replacement. On second to outer loop there is remanufacturing, which involves
restoring products or components to as-new condition. It is more resource-intensive than
inner loops, but still keeps products in the economy and delivers cost savings. And finally
recycling, as the outermost loop, it losts much of a product’s embedded value by reducing it
to raw materials. It can be used when products can no longer be reused, refurbished, or
remanufactured. While the product’s embedded value is lost, the material value is retained

by reprocessing it into new raw materials. (Ellen MacArthur Foundation, 2022.)

In biological cycle of the diagram Regeneration loop is in the middle, which aims to restore
and build natural capital by improving soil health, biodiversity, and ecosystem resilience.
The goal shifts from degrading nature as in linear economy, or merely reducing
environmental harm to actively enhancing environmental systems by regenerative practices
in agriculture, forestry, and fisheries which can improve soil stability, biodiversity, air and
water quality, and carbon storage. After consumption, organic waste and nutrients can be
returned to the soil through composting and anaerobic digestion, preventing soil depletion
and reducing reliance on chemical fertilisers. Biogas gained in the reaction can be used as a
renewable energy source, complementing nutrient recovery. (Ellen MacArthur Foundation,

2022.)

Regenerative design has been developed since the 1970s as a way to make systems more
sustainable by copying how nature works. The idea is that human activities should stay
within the limits of natural resources and avoid environmental harm. Product design is very
important in this process. Products should last longer, be easier to repair, and use fewer
materials. Some materials are also considered critical, meaning their supply can be limited
or risky, which makes recycling and reuse even more important. Industrial ecology supports
this thinking by seeing industry as part of a larger system where materials and energy flow

between companies and the environment. It focuses on reducing waste and improving
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efficiency at different levels, from single factories to global systems. (Lieder & Rashid,

2016.)

The circular economy model:
less raw material, less waste, fewer emissions

2 )

Sustainable
design

Waste
&' management
Residual waste CIRCULAR Production
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@
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Source: European Parliament Research Service

Figure 2. The circular economy model. (European Parliament, 2015)

Circular economy also offers significant economic advantages. It can make businesses more
competitive, encourage new ideas and technologies, help the economy grow, and create new
employment opportunities, with estimates suggesting up to 700,000 new jobs in the EU by
2030. Redesigning products and materials for circular use encourages innovation across
industries and provides consumers with more durable, high-quality products that enhance
quality of life while reducing long-term costs. To support this transition, the European Union
aims to achieve a circular and climate-neutral economy by 2050 and has introduced a range
of new and updated policies in recent years, including areas like ecodesign, packaging,
greenwashing, the right to repair and waste management, all of which are intended to

decrease waste and make products more sustainable. (European Parliament, 2015.)

The circular economy builds on these ideas by trying to keep materials in use for as long as
possible through recycling and reuse. However, it is not possible to recycle everything, and

recycling can also become too expensive at some point. Because of this, the circular
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economy aims to reduce waste and improve resource use, but it cannot be completely closed.

(Ghiselliini et al., 2016.)

2.1 EU’s circular economy strategy

According to the European Parliament (2021) the European Union’s strategy aims to shift
the EU from a linear model of production and consumption to a circular economy. This
transition is central to the European Green Deal and the EU’s goals of sustainable growth,
resource efficiency and climate neutrality by 2050. The key strategic element is Circular
Economy Action Plan (CEAP), which was adopted in 2020. It introduces legislative and
non-legislative measures across the product life cycle to promote sustainable design, reduce
waste, and ensure that resources stay in the EU economy as long as possible. It targets
everything from product design and manufacturing to consumption, repair, reuse and
recycling. The EU Commission is also preparing a Circular Economy Act (scheduled for
2026) to build on the Action Plan, create a common market for secondary raw materials and
boost demand for high-quality recycled materials. The EU also aims to double its circular

material use rate by 2030 (from around 12% currently). (European Parliament, 2021.)

EU waste policy is guided by the waste hierarchy, which prioritises prevention, then reuse,
recycling and recovery, with disposal (e.g. landfill) as a last option as visualised in the Figure
3. The Waste Framework Directive sets the legal basis for better waste management,
innovation in recycling and limiting landfilling across member states. It is important since
EU generates about 2,5 billion tonnes of waste per year, which is a significant amount.

(European Commission, 2008.)



18

Waste hierarchy

PRODUCT
(NON-WASTE)

PREVENTION

PREPARING FOR RE-USE

RECYCLING

RECOVERY

DISPOSAL

Figure 3. Waste hierarchy in EU (European Commission, 2008).

The EU has developed strategies for specific materials and waste streams. For example the
European Strategy for Plastics in a Circular Economy drives redesign, reuse and recycling
of plastics, requiring all packaging to be reusable or recyclable by 2030. The target is that
more than 50% of the total plastic waste is recycled. This is driven by extended producer
responsibility (EPR), where producers are responsible for what happens to their products at
the end of their life. This not only affects packaging but also is a huge driver in textile
industry. Forthcoming EU legislation will require textile producers to finance collection,

sorting and recycling, supporting circular value chains. (European Commission, 2025.)
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3 Secondary materials

In the book Handbook of Materials Circular Economy, Ramakrishna and Ramasubramanian
(4-6, 2024.) divide materials into linear, semi-circular and circular. Linear materials are
items made to be used once and then thrown away. They can't be reused or recycled, so they
quickly become waste and use up natural resources. Most linear materials come from non-
renewable sources, and their production and disposal harm the environment. For example,
global plastic and aluminum production have grown rapidly in recent decades, and demand
is still rising. Some materials, like Styrofoam, thin plastic films, mixed-material packaging,

ceramics, and contaminated items, are especially hard or impossible to recycle.

Semi-circular materials can be recycled or reused, but they need extra processing before they
can be used again. They have some circular potential, but not as much as fully recyclable
materials. Examples include certain plastics and types of paper. For instance, PVC is a
common plastic used in construction and flooring, but its chlorine content makes recycling
more difficult. It requires a special process called thermal depolymerization, where the
material is heated and broken down so its basic parts can be reused. Polystyrene (PS), often
found in packaging and disposable cups, is also hard to recycle because it is lightweight and
bulky. Recycling PS usually involves a process called pyrolysis, which breaks it down with
heat in the absence of oxygen to make new plastics. (Ramakrishna and Ramasubramanian,

4-6,2024.)

Fully circular materials can be recycled or reused many times without losing their quality or
effectiveness. This makes them highly sustainable, as they have great potential for reuse and
cause minimal harm to the environment. Examples include glass, aluminum, and steel. These
materials are often recycled mechanically by shredding and melting them to create new
products. For instance, crushed glass can be remelted to make new bottles, and melted
aluminum is used to make new cans. Biodegradable materials are also considered fully

circular. (Ramakrishna and Ramasubramanian, 6, 2024.)

As high-quality mineral resources become more limited, companies are starting to use lower-
grade ores and industrial waste materials to recover metals. These materials can still contain
valuable metals, but they are more difficult to process. New technologies are being

developed, such as advanced chemical and biological processes. However, most of these
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methods are still in early stages and need more research before they can be used widely.
There are also challenges, such as high costs, technical complexity, and environmental

concerns. (Cannone Falchetto et al., 2023.)

Gruhler et al. (2019.) researches the topic from construction sector perspective taking into
account energy consumption when processing secondary raw materials. The study focuses
on ten common construction materials, such as concrete, bricks, wood, glass, and plastics,
and compares how they perform in recycling. The subject is especially interesting since in
Finland during the year 2020 approximately 1,6 million tonnes of construction waste was

produced with 55% recycling rate (Statistics Finland, 2022).

Materials coming from demolition are not all the same. Their quality can vary a lot, and they
can be used in different ways, which means there are many possible recycling options. In
simple terms, secondary materials are formed when waste materials go through proper
treatment and are no longer considered waste. These materials are processed so they can
replace new, primary raw materials. To make this possible, the materials need to go through
several steps, such as sorting, cleaning, and processing, to reach the right quality. Sometimes
they also need extra treatment before they can be used in new products. Compared to using
new raw materials, this process can involve different methods, materials, or conditions

depending on how the recycled material will be used. (Gruhler et al. 2019.)

According to European Commission secondary raw materials are materials recovered from
waste streams that have undergone processing operations and can be reintroduced into the
economy as substitutes for primary raw materials. Under EU law, their legal status is closely
linked to the end-of-waste criteria established in the Waste Framework Directive, which
require that the material is commonly used for specific purposes, meets technical and
environmental standards, and poses no adverse risks to human health or the environment
(European Commission, 2008). Once these criteria are fulfilled, the material ceases to be

classified as waste and may be traded as a product.

This distinction is particularly significant in the context of international trade and customs
policy. Materials classified as waste are subject to strict shipment controls under EU and
international law, whereas secondary raw materials are treated as goods and fall within the
scope of customs tariff systems such as the EU Combined Nomenclature (CN) and the US
Harmonized Tariff Schedule (HTSUS). Ambiguities in classification can lead to higher
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compliance costs, delays, or unfavourable tariff treatment, thereby acting as barriers to

circular economy trade. (OECD, 2019.)

3.1 Role of secondary materials in the economy

The transition to a circular economy is essential for protecting the environment, reducing
dependence on raw materials and creating economic and social benefits. By promoting the
reuse and recycling of products, the consumption of natural resources can be slowed,
environmental damage to landscapes and habitats can be reduced, and biodiversity loss can
be limited. A circular economy also contributes to lowering overall greenhouse gas
emissions. Designing products to be more efficient and sustainable plays a crucial role in
this process, as over 80% of a product’s environmental impact is defined during the design
phase. Packaging waste is an increasing challenge, with the average European generating
approximately 190 kilograms per year, making it necessary to reduce excessive packaging

and improve its design to support reuse and recycling. (European Parliament, 2015.)

At the same time, growing global demand for raw materials combined with limited supplies
has increased the EU’s reliance on imports. In 2022, the average person in Europe used about
14.9 tonnes of raw materials, and in 2023, trade in raw materials between the EU and the
rest of the world was worth around €165 billion, resulting in a trade deficit due to higher
imports than exports. Increasing the recycling of raw materials can reduce risks related to
supply shortages, price volatility and import dependency, particularly for critical raw
materials needed for key climate-related technologies such as batteries and electric motors.

(European Parliament, 2015.)

Waste recovery through trading and recycling is a large global business. Countries in the
Global North mostly export waste, while those in the Global South import it. China was the
main importer until it banned solid waste imports in 2017. After this ban, waste exports were
simply redirected to other countries in Asia, Europe, and the Pacific. (Zavos and Pyyhtinen,

2024.)

The European Union now wants to keep waste trade within its own borders as part of its
circular economy (CE) policies. Europe describes global waste trade as unfair and damaging

to the Global South. As a result, Europe’s plan is to reuse waste as a resource within its own
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economy, which conflicts with the idea of making the CE a global system. (Zavos and

Pyyhtinen, 2024.)

Accoding to OECD (2019), the recycling sector is expected to more than triple in size from
2017 to 2060. Until 2030, both recycling and mining will grow at similar rates. After 2030,
recycling will grow much faster as more recyclable waste becomes available, especially as
developing countries mature and move past their rapid infrastructure growth phase. The
recycling sector’s supply of secondary materials relies on how much waste is available to

recycle. As a result, recycling will become increasingly important over time.

Growth of global sectoral output between 2017 and 2060, index 1 in 2017

B 2030 2060

Mining Recycling Reprocessing

Source: OECD ENV-Linkages model.

Figure 4. The recycling sector will grow faster than mining sector.

Some research also shows that as countries develop, their use of materials for infrastructure
rises quickly at first, then levels off or even declines. Some studies suggest this has happened
for materials like steel, copper, and cement in certain economies, but there isn’t enough data
to confirm exact saturation points for all materials or countries. Two main factors can slow
down material demand: first, economic growth is shifting toward emerging countries and
service industries, reducing the focus on building new infrastructure. Second, over time,
construction costs are becoming less about materials and more about labor. These trends
together mean that material demand is expected to gradually stabilize rather than keep rising,
though there is no clear evidence of a fixed cap on material stocks per person. (OECD, 2019.)

The phenomenon might affect secondary raw material market in the same way.
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In Finland the majority of waste comes from mining industry, constructions and
municipalities as shown in Figure 5. Mining waste in Finland mainly consists of rock,
tailings, and soil materials, only a very small share is actually recycled or reused

approximately 11%. Most of it is still stored as waste. (Finnish Environment Institute, 2024.)
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Figure 5. Waste generation in Finland divided by industry. (Finnish Environment Institute,
2024.)

Finland’s recycling rate is below the EU average. For example the amount of municipal
waste has increased over time. In 2021, it reached about 3.4 million tonnes, or around 609
kg per person. Recycling rates in Finland have stayed around 41-43% for years, and even
dropped to 37% in 2021. At the same time, more waste has been used for energy instead of

recycling. EU targets are higher, aiming for up to 65% recycling by 2035. (Statistics Finland,
2024.)
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Amount of municipal waste divided by treatment modes and recycling rate
of municipal waste and EU average in 2010 to 2021
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Figure 6. Finland’s municipal waste divided by treatment and recycling rate. (Statistics

Finland, 2024.)

Finland exports some types of waste and recyclable materials, but the volumes are quite
small compared to its total trade. Most exports consist of secondary raw materials like metal
scrap, paper, and some plastic waste, which are sent to countries where there is demand for
recycling or further processing. Waste exports are strictly controlled by EU regulations,
especially the Waste Shipment Regulation, which sets rules for what kind of waste can be

exported and under what conditions. (Finnish Environment Institute, 2023; Statistics

Finland, 2024).

When comparing the amount of exported waste in 2023, which was just over 900 tonnes
(Figure 7), to the total waste generated in the same year, which exceeded 120 million tonnes,
it can be said that waste is not a significant export product for Finland. In addition, since the
recycling rate in Finland is lower than the EU average, there could be more potential for both

exporting and processing waste materials in the future.
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Figure 7. Export of waste from Finland during years 2013-2023 (Statistics Finland, 2025).

3.1.1 End of Waste

The concept of end-of-waste (EoW) is a central regulatory mechanism in the European
Union’s circular economy framework. It determines when a substance or object that has been
classified as waste ceases to be waste and becomes a product or secondary raw material. The
legal basis for EoW criteria is set out in Waste Framework Directive. According to which, a
waste material ceases to be waste when it has undergone a recovery operation and meets

four cumulative conditions:
1. the material is commonly used for specific purposes,
2. a market or demand exists for it,
3. it fulfils technical requirements and complies with relevant legislation and standards,

4. 1its use will not lead to overall adverse environmental or human health impacts.

(Delgado Sancho et al., 2009.)

The establishment of EoW status is significant because it removes waste-related regulatory
constraints, such as waste shipment controls, and allows materials to be traded under normal
product and customs legislation. The EU has adopted harmonised end-of-waste criteria for
certain material streams, including scrap metal (iron, steel and aluminium) glass cullet,

copper scrap and plastics, while for other materials EoW determinations are made at the
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national level by competent authorities. (Delgado Sancho et al., 2009., European

Commission, 2025)

In the context of international trade, EOW status plays a crucial role. Materials that remain
legally classified as waste are subject to the EU Waste Shipment Regulation, which imposes
stricter controls on exports, particularly to non-EU countries. In contrast, materials that have
achieved EoW status can be exported as products, reducing administrative burdens and
facilitating participation in global circular material flows. (Council of the European Union,

2026.)

3.1.2 Types of Secondary Raw Materials

Secondary raw materials are made by turning recyclable waste and side streams into raw
materials that can be used again. Sometimes, these can fully replace primary materials, but
other times they are suitable for less valuable uses, like using recycled concrete for road
construction. How much we use secondary materials depends on how much scrap is
available and whether it is cheaper to process than using new materials. Secondary raw
materials make up a small portion of total material use. Many metals are recycled, like lead
(over 50% recycled), but others such as steel (below 30%), aluminum, zinc, and copper have
lower recycling rates. Non-metallic minerals are rarely recycled; for example, concrete is

mostly used as cheap road filler. (OECD, 2019.)

Delgado Sancho et al. (2019) in their research divide materials under the EoW definition
into three aggregates: natural (produced from mineral sources through e.g. erosion),
secondary (from industrial processes) and recycled (produced from processing used
material). In this theoretical framework, I focus on the material coming from secondary and

recycled aggregates.
Recycled metal scrap (steel, aluminium)

Scrap metal is produced during metal manufacturing processes or when metal-containing
products reach the end of their life. Because metals have high economic value, ferrous and
aluminium scrap have long been widely recovered and recycled. Due to their physical and
chemical properties, metals produced from scrap can usually substitute primary metals made

from ore without loss of performance. The amount of scrap collected and recycled depends
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on factors such as collection systems, available technologies, and legislation. The metal
recycling industry includes collection, sorting, distribution, treatment, and processing.
Owing to its long history, the industry is well established and highly efficient, with strong

integration across the recycling chain. (Delgado Sancho et al., 2009.)

Recycling metal scrap is environmentally beneficial, as primary metal production is energy-
intensive and relies on raw material extraction. End-of-waste criteria for metal scrap consider
the characteristics of waste streams, industry structure, trade flows, and existing standards.
These criteria aim to support efficient recycling and improve overall industry performance.

(Delgado Sancho et al., 2009.)

Metal scrap mainly originates from products where metal is the primary material, including
vehicles, construction materials, machinery, electrical and electronic equipment, cables, and
metal packaging such as beverage cans and foil. Scrap is generally classified as either new
scrap or old scrap, depending on when it becomes waste. New scrap is generated during
manufacturing and is typically recycled directly, as its composition is known and it usually
requires little or no pre-treatment before remelting. Old scrap is collected after consumer use

and is often contaminated. (Delgado Sancho et al., 2009.)

Recycled metal scrap refers to metal materials that have been removed from use (e.g., end-
of-life products or industrial offcuts), collected, sorted and then melted down or processed
so they can be reintroduced as raw material in manufacturing. For example, Steel scrap
comes from old machines, vehicles, metal structures and industrial waste. Aluminium scrap
comes from packaging (like cans), old window frames, car parts and other used aluminium

products. (Khan et al., 2022.)

In Finland, a significant portion of metal scrap originates from industrial production and
construction activities. For example, manufacturing processes generate leftover steel offcuts
and other production scrap, while demolition of buildings and infrastructure produces large
quantities of recyclable metal materials. Construction and demolition activities are

considered major sources of scrap metal in the recycling chain. (Arponen et al., 2015.)

Metal recycling companies collect these materials and sort them for further processing
before they are delivered to metal industries as secondary raw materials. Households and
businesses also contribute to metal recycling. Smaller metal items and packaging are

collected through municipal recycling systems and regional collection points, while larger
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metal objects such as bicycles, metal furniture, and household appliances can be delivered
to recycling centres or sorting stations. These materials are then processed and separated into
different metals before being supplied to the metal industry for reuse. (HSY, 2024; Sumi,
2026.) Export of metal scrap from Finland to United States amounts around 8§ tonnes
annually, simultaneously Finland total export of metal scrap amounts around 1,3 million

tonnes annually (Uljas, 2026).
Recycled plastics

Recycled plastic refers to plastic material that has been collected from end-of-life products
or industrial waste streams, processed (sorted, cleaned, and reprocessed), and reintroduced
into production as a secondary raw material (European Commission, 2008). Plastic waste
can be classified into pre-consumer waste, which originates from manufacturing processes,
and post-consumer waste, which is collected after use. These two waste streams require
different recycling methods. Preconsumer plastic waste e.g. gates, sprues, runners and
trimming are mostly recycled mechanically (ground and remelted). Plastic waste from
manufacturing is often mixed into virgin materials with different mixing ratio. Consumer
plastics are made from six different polymer resins, which differs in recyclability rate.

(Rudolph. 2020, 17.)

In figure 8 there is seven common plastic types, their symbols and applications.
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Types of plastics Symbol Applications
Beverage bottles, medicine jars, rope,
Polyethylene terephthalate (PET) : 1 clothing and carpet fibre

Containers for milk, motor oil,
shampoos and conditioners, soap bottles,
detergents and bleaches

High-density polyethylene (HDPE)

> N> 3

t

Polyvinyl chloride (PVC) All kinds of pipes and tiles

Cling-film, sandwich bags, squeezable
bottles and plastic grocery bags

25 <%

Low-density polyethylene (LDPE)
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m

Lunch boxes, margarine containers,
yogurt pots, syrup bottles, prescription
bottles, plastic bottle caps and plastic cups

Polypropylene (PP)

Disposable coffee cups, plastic food boxes,

Polystyrene.(£3) plastic cutlery and packing foam

Polyethylene (PE)

Acrylonitrile butadiene styrene (ABS)
Polyamide (PA) or nylons
Polybutylene terephthalate (PBT)

Baby bottles, compact discs and medical
storage containers
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Figure 8. Seven common plastic types (European Environment Agency, 2021).

According to Yle (2024) Finland has historically recycled only a small share of its plastic
waste, with the majority being incinerated. In 2025, this began to change as two large new
recycling facilities were under construction in Hyvinkdd (Syklo Oy) and Riihimiki (Sumi
Sorting Oy), significantly increasing national capacity. Previously, existing plants handled
only about 10 % of Finland’s plastic waste, and other 10% of plastic waste has been exported
abroad for recycling. The new facilities are expected to process up to 100 000 tonnes of
plastic annually, including hard plastics from construction. The article also notes that Finland
recycles plastic packaging at a much lower rate than the EU average, which has

environmental and economic consequences.

One of the recycling facilities Syklo Oy produces high-quality recycled plastic pellets,
marketed as Sykloplast, which can be used as raw materials in a wide range of plastic
industry applications. The material is also suitable for uses where recycled plastics were

previously not considered viable. (Syklo, 2026.)
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In Finland significant share of recycled plastic originates from separately collected
household plastic packaging waste e.g. food packaging, detergents or plastic bags. PET
bottles are collected in near-closed loops and processed into high-quality recycled plastic,

which is used in the production of new beverage bottles. (Sumi Oy, 2026.)

A large share of plastic waste comes from packaging. In 2019, about 370,000 tonnes of
plastic packaging waste were produced, mainly from households, offices, and other similar
activities. Additional amounts also come from sectors like industry, agriculture, and
construction. Only around one third of this waste is recycled, while most of the remaining

plastic is burned to produce energy. (Finnish Environment Institute, 2023.)
Recovered fibre

Recovered fibre refers to used paper and cardboard that is collected after use and recycled
for further production, instead of being disposed of as waste. It is a secondary raw material
for the forest and paper industry and an important circular economy input that substitutes for
virgin wood fibre, helping save natural resources and energy. Almost all recovered fibre
available domestically is used by the Finnish paper and board industry. In 2020, nearly 610
000 tonnes of paper and cardboard were recovered in Finland, and about 570 000 tonnes of
that recovered fibre were used by local industry. Some recovered fibre is also imported and

exported, with a net export of around 33 000 tonnes in 2020. (Metséteollisuus, 2021.)

Recovered fibre is mainly sourced from household paper and cardboard collection,
commercial and industrial waste streams and packaging recycling systems. Recycled fibre
is processed into bales and delivered to paper and board mills across Finland, where it is

mixed with virgin fibre to produce new products. (Metsiteollisuus, 2021.)
Recycled glass

Recycled glass in Finland consists mainly of post-consumer glass packaging collected
through household recycling systems and deposit-return schemes. The collected glass is
processed into cullet, which serves as a secondary raw material for the manufacture of new
glass packaging and construction materials. Due to the absence of domestic glass packaging
production, a significant share of recycled glass cullet is exported to other European
countries, contributing to cross-border circular material flows. (Sumi Oy, 2025; Palpa,

2023.)
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In 2020 approximately 80.860 tonnes of glass waste was produced from municipal waste.

Majority of it, 99%, was recovered. (Statistics Finland, 2021.)
Recycled textiles

Recycled textiles originate mainly from household and commercial waste streams, including
used clothing and industrial textile offcuts. Collection occurs through municipal drop-off
points, charity organisations, and private initiatives, but overall recycling rates remain
comparatively low due to challenges such as mixed fibre textiles and limited recycling
infrastructure. Collected textiles are often sorted for reuse or mechanical recycling into
products such as industrial non-wovens, insulation, or cleaning cloths, and some material is
exported for processing abroad. The development of extended producer responsibility
schemes for textiles within the EU is expected to improve collection and recycling rates,
making recycled textile materials more significant in circular material flows. In Finland,
people buy and throw away nearly the same amount of textiles each year, around 70.000
tonnes in total, which is about 13 kg per person. A bit over 20% of discarded textiles are
collected for reuse or recycling, while the majority, roughly 55.000 tonnes, ends up being

treated as waste. (Dahlbo et al., 2017.)
Residues from forestry and logging

Logging residues and stumps left after commercial timber harvesting, along with small trees
removed during young stand management and thinning operations, can be utilized as raw

materials for different products (Luonnonvarakeskus, 2026).

According to Natural Resources Institute Finland (Luke) a total of 27.5 million cubic metres
of forest industry by-products and various residues was produced in Finland during the year

2021 (Luonnonvarakeskus, 2022).
Slag and ash materials

Industrial activities generate a range of mineral by-products, such as metallurgical slag, ash
from energy production, mining and ore enrichment waste, and fiber sludge from the forest
industry. These residues have significant potential for reuse, recycling, or the manufacture
of new materials and products. Some by-products can be reintegrated directly into
manufacturing processes as raw materials, while others find applications particularly in

construction and agriculture. Ultimately, the technical and environmental characteristics of
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a by-product determine its suitability for specific uses. Additionally, processing, refinement,

or storage can modify a by-product's properties. (Sovari and Wahlstrom, 2014.)

Slag and ash is also produced as a residue in waste incineration plants, where energy is
recovered out of municipal waste. The quantity and quality of these side-streams depends on
the consistency of the incinerated waste, boiler’s technical features and flue gas treatment.
Slag consists of glass, metals etc which can be recovered. Ash contains significant amount
of iron and copper. In 2016 Finland produced 378 750 tonnes of slag and bottom ash from

waste incineration. (CircHubs, 2018.)
E-waste

Electronic waste (e-waste), also referred to as waste electrical and electronic equipment
(WEEE), includes discarded electrical and electronic devices such as computers, televisions,
mobile phones, refrigerators, and other household appliances. These products contain a wide
variety of materials, including metals, plastics, and glass, as well as valuable and sometimes
hazardous substances. Many electronic devices contain critical raw materials such as copper,
aluminium, rare earth elements, and precious metals, which makes recycling an important

part of resource management. (European Court of Auditors, 2021.)

E-waste is one of the fastest-growing types of waste worldwide, mainly because people are
buying and using more electronic devices due to rapid technological development. Devices
are often replaced more frequently as new models and technologies become available. At
the same time, electronic products contain materials that can be reused in manufacturing
processes if they are properly recovered. Therefore, the recycling of e-waste plays an
important role in supporting the circular economy by keeping valuable materials in
circulation and reducing the need for virgin raw materials. (European Court of Auditors,

2021.)

Waste electrical and electronic equipment is regulated under national legislation such as the
Waste Act (646/2011) and the Government Decree on Waste Electrical and Electronic
Equipment (519/2014). A key principle in Finland’s e-waste management system is producer
responsibility. Under this system, producers and importers of electronic devices are
responsible for organizing the collection, recycling, and treatment of products when they
reach the end of their life. This means that consumers can usually return old electronic

devices free of charge to designated collection points, recycling centres, or retailers selling
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similar products. The producer responsibility system has significantly improved recycling
practices in Finland and made it easier for households to dispose of electronic devices

properly (European Court of Auditors, 2021; Kiertokapula, 2026.)

Despite this relatively strong organisation, challenges remain. Increasing consumption of
electronics continues to generate more waste, and the complex composition of electronic
products makes recycling technically demanding. Improving reuse, extending product
lifetimes, and enhancing material recovery are therefore important goals in circular economy

policies. (European Court of Auditors, 2021.)

According to Statistics Finland (2021) 61.778 tonnes of Electrical and electronic waste was

produced during the year 2020 in municipal waste.
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4 Customs policy in EU-US relations

4.1 Principles of EU customs policy

According to the European Commission (2025), the customs policy of the European Union
is based on the idea of a single customs territory. This means that once goods are legally
imported into one EU country and released for free circulation, they can move freely between
other EU Member States without additional customs checks. The main rules for customs
procedures in the EU are defined in the Union Customs Code (UCC), which creates a

common legal framework that all Member States follow.

Another important part of EU customs policy is the Common Customs Tariff (CCT). This
means that goods imported from outside the EU are subject to the same customs tariff rates
no matter which EU country they enter first. However, the tariff rate can vary depending on
the type of goods and their country of origin. This system helps ensure fair competition
between businesses operating in the EU and prevents differences between Member States in

how imported goods are treated (European Commission, 2025).

The Union Customs Code (UCC) also aims to make sure that customs rules are applied in
the same way across all EU countries. The system uses electronic customs procedures, risk-
based controls, and cooperation between national customs authorities. These measures help
make international trade smoother while also protecting the EU from security risks, unsafe

goods, and loss of customs revenue (European Commission, 2025).

In the EU, customs rules rely on two main things: how goods are classified under the
Combined Nomenclature (CN) system, and their value based on the price paid. Getting the
classification right is important because it affects the taxes, trade rules, and statistics that
apply. Another important part is the rules of origin, which help decide what tariffs are used,

especially when there are special trade deals. (European Commission, 2025.)
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4.2 US customs system

The U.S. Customs and Border Protection (CBP), part of the Department of Homeland
Security, runs the U.S. customs system. CBP checks goods coming into the country, collects
import taxes (called duties), and helps protect borders and support legal trade and travel.
Customs duties are charges on imported goods, based on their value, where they come from,
and how they are classified. The main tool for deciding how goods are classified and taxed
is the Harmonized Tariff Schedule of the United States (HTSUS), which has detailed
categories for every product. The U.S. International Trade Commission (USITC) updates
the HTSUS, and CBP enforces these rules at the borders. (Morel 2013, 2-3.; U.S. Customs
and Border Protection, 2025.)

Besides collecting duties, the system also limits how much of some goods can be imported,
supports special trade programs, and enforces rules against unfair trade practices like
dumping. Customs policies can change, for example, to adjust how small shipments are
treated or to respond to new trade issues, balancing the need for security and smooth trade.

(U.S. International Trade Commission, 2025.)

4.3 EU-US trade policy main events after 2015

Summery of key EU-US trade tensions (2015-2026)

Period Issue

2018-2021 | U.S. steel and aluminum tariffs on EU

Current president Donald Trump, imposed a 25% tariff on steel and a 10%
on aluminum imports in March 2018. The goal of the increase was protection
of domestic steel and aluminum producers and boosting the economy of U.S.

Tariffs were removed in October 2021. (Sachdev and Rao, 2025.)

2019-2021 | WTO aircraft subsidies dispute
U.S. imposed tariffs of 15% on Airbus aircraft, and 25% on other EU goods

like cheeses, wines, olives and machinery. EU imposed own 15-25% tariffs

on planes, tractors, ketchup and orange juice. After change in U.S.



2025

On-going

On-going
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administration both sides agreed to suspend the aircraft dispute tariffs for

five years, also to remove related retaliatory tariffs.

New U.S. tariff escalation

In March the U.S. government announced that it would reimpose and extend
the 25% tariff on steel, and increased tariffs on aluminum from 10% to 25%
eliminating previous suspension and expanding to derivative products (The

White House, 2025).

Proposed new trade deal framework

As a part of ongoing negotiations U.S. sets a 15% ”all-inclusive” tariff on
most EU imports replacing some previous higher rates and releasing from
tariffs certain products like aircrafts and generic pharmaceuticals. Under the
joint statement EU moved to realign tariffs on U.S. goods (The White House,
2025).

Greenland-linked trade threats and possible retaliation

In January U.S. president Trump threatened to impose a 10% tariffs on all
goods shipped to the U.S from Denmark, Norway, Sweden, France,
Germany, UK, the Netherlands and Finland as a countermeasure to sending

soldiers to Greenland (Parkkari, 2026).

Agricultural market access complaints

The U.S. has criticised EU trade deals, such as the EU-Mercosur agreement
with South America where almost all tariffs are being cut to zero, alleging
unfair market protections that disadvantage U.S. exporters, particularly in

dairy and meat sectors (Financial Times, 2026).
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4.4 Possible economic impact of tariffs

In his article, Farok J. Contractor (2025) reviews different arguments for and against tariffs
based on earlier research. He explains that even though globalization has continued to
expand, opposition to it has increased since around 2016, especially in Europe and North
America. Political events such as the Brexit referendum and the election of Donald Trump
contributed to this change in attitudes. Another important development is that while
manufacturing production has grown, the number of manufacturing jobs has decreased. This
has created political pressure to protect domestic industries, and tariffs have become an
important part of this debate. As the world’s largest importer, the United States has a major
influence on global trade, and its tariff policies can affect many other countries and

sometimes lead to retaliatory tariffs.

Tariffs can have some benefits. They can protect certain domestic industries, create some
government revenue, and help preserve a limited number of jobs. However, many
economists argue that these benefits are usually smaller than the overall economic costs.
Tariffs are paid by companies that import goods, but these costs are often passed on to
consumers through higher prices. Even though tariffs bring revenue to governments, the total
amount is usually relatively small. For example, tariffs collected during recent trade conflicts
in the United States reached about $233 billion between 2019 and 2023, which is still a small
share of total federal revenue. At the same time, research suggests that tariffs reduced
economic growth, lowered employment in some sectors, and increased costs for households.

(Contractor, 2025.)

Trade tensions since 2018 have also shown that tariffs do not always bring jobs back to the
country that imposes them. Instead, production can move to other countries where labor is
cheaper. For example, some manufacturing activities shifted from China to countries such

as Mexico, Vietnam, and India (Contractor, 2025).

Tariffs can sometimes be justified in certain strategic sectors, such as defense industries or
new technologies. However, long-term protection can also lead to problems. Protected
industries may become less efficient, prices may increase, and innovation can slow down.
According to Contractor (2025), the U.S. electric vehicle market provides an example of this

risk. Strong tariff protection has limited international competition, which has contributed to
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higher prices and slower progress toward more affordable and environmentally friendly

technologies.

Another common problem with tariffs is retaliation. When one country introduces tariffs,
other countries often respond with their own tariffs on exports from that country. This type
of “tit-for-tat” trade policy can reduce exports and lead to job losses in both economies. In
extreme cases, tariff escalation has contributed to economic downturns. Recent examples
include restrictions by the United States on Chinese technology exports, followed by
responses from China that limited exports of important materials and discouraged the
purchase of U.S. goods. Previous trade tensions between the two countries also caused
significant losses for sectors such as agriculture when trading partners introduced retaliatory

tariffs. (Contractor, 2025.)

Another important issue is that many imported products are not final goods but components
used by domestic companies. When tariffs increase the cost of these inputs, businesses often
face higher production costs. Companies may respond by raising prices, accepting lower
profits, or trying to find new suppliers. However, changing suppliers quickly can be difficult
because many products require specialized parts and established supply chains. For example,
tariffs on materials like steel and aluminum can increase costs in many industries and

eventually lead to higher prices for consumers (Contractor, 2025).

Higher tariffs can also affect political and economic relationships between countries. For
example, stronger tariff policies in the United States can create tensions with important
trading partners such as the European Union. The EU relies heavily on access to the U.S.
market, and trade conflicts may weaken cooperation between allies. Many economists argue
that open trade encourages companies to stay competitive and innovative. In contrast, heavy
protection can make industries less efficient over time. Because of this, most developed
countries have kept tariffs relatively low under the rules of the World Trade Organization.
In the long run, economic competitiveness is usually supported more by innovation, research

and development, and open markets than by broad tariff protection. (Contractor, 2025.)

A well-known example of tariff escalation is the trade conflict between the United States
and China. In 2018, President Donald Trump introduced several tariffs on Chinese imports.
The first tariffs were introduced in July 2018 and applied a 25% duty on goods worth $34
billion. Additional tariffs were added later, and by 2019-2020 they covered around $500
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billion of imports from China. These tariffs had a clear impact on trade flows. In 2019,
Chinese exports to the United States decreased by almost $90 billion, reversing earlier
growth trends. Research shows that tariffs strongly reduce exports, especially in industries

such as electronics and steel, where trade is highly sensitive to price changes (Chinn, 2021).

Another study by Yang et al. (2025) also found that the trade conflict between the United
States and China significantly affected China’s exports. The study shows that Chinese
exports to the U.S. declined noticeably from early 2020 onwards as trade tensions increased.
However, the researchers also point out that the effects of the COVID-19 pandemic must be
considered when analyzing these changes. Starting in late 2019, the pandemic caused major
disruptions to global trade and economic activity. Lockdowns, travel restrictions, and supply
chain problems affected production, transportation, and global demand, which also

contributed to changes in international trade patterns (Yang et al., 2025).
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5 Waste export from EU

The European Union is an important participant in global waste trade. EU countries export
large amounts of waste and recyclable materials to countries outside the EU, including the
United States. Even though most waste produced in the EU is treated within the region, a
notable share is still exported for recycling or recovery. According to Eurostat, the EU
exported about 35.1 million tonnes of waste in 2023, with a total value of around €18.5
billion. The largest destination countries were Turkey and India, but some waste was also

exported to the United States. (European Commission, 2026; Europe-Data.com, 2023.)

One reason for exporting waste is economic efficiency. In some cases, it is cheaper to send
recyclable materials abroad than to process them within the EU. Some countries have larger
recycling industries, better facilities, or lower processing costs. Because of this, exporting
waste can sometimes be a more practical option (European Environment Agency, 2025).
Trade statistics show that materials such as iron and steel scrap, plastics, and other secondary
raw materials have been exported from EU countries to the United States, mainly because
U.S. manufacturing and recycling industries demand these materials. (Resource Recycling,

2023.)

Global policy changes have also affected waste trade. Before 2018, China was one of the
biggest destinations for plastic waste from the EU. However, China introduced strict
restrictions on plastic waste imports, which greatly reduced these exports. After this change,
EU exporters started sending more waste to other markets, including the United States

(European Parliament, 2018; European Environment Agency, 2019).

Several factors influence how much waste the EU exports to the United States. These include
regulations, recycling capacity, global market prices, and trade policies. One important
regulation is the EU Waste Shipment Regulation, which controls international waste
transport to protect the environment and public health. Under this regulation, exports of
plastic waste to non-OECD countries will be banned by 2026. Exports to OECD countries,
such as the United States, will still be allowed but under stricter monitoring and reporting
rules. Supporters believe these rules will increase recycling within the EU and reduce illegal
waste trade. However, some recycling industry representatives worry that stricter rules could

act like protectionism and harm the global circular economy. The final impact will depend
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on how the EU defines the term “waste.” If the definition is too strict, even processed
recycled materials could face export restrictions and disrupt existing recycling markets

(European Commission, 2025; Resource Recycling, 2023).

Differences in recycling capacity between countries also affect waste exports. Countries that
have modern recycling technology, strong infrastructure, and lower costs often receive more
waste from abroad. If the EU does not have enough capacity to process certain types of

waste, exporting it may become a practical solution (European Environment Agency, 2025).

Tracking exports of electronic waste is especially difficult. Trade data often does not clearly
separate new, used, and waste electrical and electronic equipment. Because of this, some e-
waste shipments may be incorrectly classified, which makes regulation and monitoring more

challenging (Neves et al., 2024).

E-waste from the EU often moves from wealthier EU countries to less developed countries
such as China or India. In these countries, environmental rules may be weaker and labour
costs lower. In some cases, exporting waste is used to avoid strict EU recycling requirements.
Even though regulations exist, significant amounts of e-waste are still exported illegally or
processed outside official systems. For example, in 2012 about 1.5 million tonnes of e-waste
left the EU, but only a small part of this amount was officially recorded. Exporting e-waste
also means losing valuable materials because electronic products contain important metals

needed for the EU’s circular economy (Neves et al., 2024).

EU policies such as the Waste Shipment Regulation and Extended Producer Responsibility
aim to reduce e-waste exports by improving recycling systems within the EU. However,
strict environmental rules can sometimes create the opposite effect if recycling inside the
EU becomes more expensive than exporting waste. This shows that the design of policies is

very important if the goal is to reduce waste exports effectively. (Neves et al., 2024.)

Trade policies can also influence waste trade. For example, tariffs on raw materials can
increase demand for recycled materials. When tariffs make primary metals more expensive,
industries may use more recycled materials instead. Changes in U.S. tariffs on metals have
increased demand for recyclable materials such as ferrous scrap. In early 2025, scrap exports
from Europe to the United States increased significantly. At the same time, EU aluminium

scrap exports reached about 345,000 tonnes in the first quarter of the year. According to
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industry sources, U.S. tariffs created strong price incentives for American companies to buy

scrap from Europe. (Reuters, 2025.)

6 Finland’s export to U.S.

According to Finnish Customs’ foreign trade statistics, the United States has become one of
Finland’s three most important trading partners in terms of exports over the past three years.
In 2024, Finnish export to the United States declined by 18.0%, amounting to approximately
€7.0 billion. In contrast, in 2023 exports to the United States grew by 9.1% compared with
the previous year, reaching a value of €8.5 billion. Exports in 2023 were boosted by the
delivery of a cruise ship worth nearly €1.9 billion. (Finnish Customs, 2025.)
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Figure 9. Finland's three largest export countries and their shares (Finnish Customs, 2025).

As illustrated in Figure 10, in 2024 the largest product category exported from Finland to
United States was industrial machinery and equipment with 19,5% share of total export.
Transport equipment accounted for only 2.0% of total goods exports to the United States,
with exports in this category falling by 93.1%. This was caused by a cruise ship delivery in
the previous year 2022 and 2023. Instruments and measuring devices represented 12.2% of
total exports to the United States. Products of the forest industry accounted for 15.3% of
exports to the United States. Measured by value, the United States was the second-largest
buyer of Finnish paper and paperboard after Germany. Exports of chemicals and chemical
products accounted for 19.4% of total exports to the United States and increased by 38.4%.
Exports of metals and metal products increased by 18.7%, with exports of iron and steel
rising by 23.7%. Metals and metal products represented 6.4% of Finland’s total exports to
the United States. (Finnish Customs, 2025.)
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Figure 10. Exports to the United States by product group 2024, share and change, percent
(Finnish Customs, 2025.)

Although the United States is an important trade partner, its trade policy has been somewhat
unpredictable during the past year. According to Kauppalehti (2026), President Donald
Trump has threatened to increase tariffs because of the dispute related to Greenland. If these
tariffs are implemented, exports from the affected countries to the United States could fall
significantly. In the worst case, exports could even be reduced by half. This would be a

serious problem for Finland, as the United States is an important market for Finnish exports.

At the same time, the United States is still a large and wealthy market with strong purchasing
power. This makes it an attractive destination for exports, especially for advanced industrial
and technology products. For example, the United States has shown interest in icebreakers,
an area where Finland has strong expertise. Demand for innovation in the U.S. market also
matches Finnish strengths in sectors such as telecommunications, cleantech, medical

technology, and software. (Kauppalehti, 2025.)
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7 Data

Data were collected through Finnish Customs’ (Tulli) Uljas data portal, which is open to the
public. The portal contains historical import and export data by country as well as by product
or material category. Each product or material is classified into specific groups and

subgroups and is assigned its own SITC code.

The Standard International Trade Classification (SITC) is an international goods
classification system maintained by the United Nations. In Finland, Customs uses SITC
primarily for compiling foreign trade statistics, not for customs clearance or taxation
purposes. The classification groups goods according to their level of processing, and at its
most detailed level it contains approximately 2 970 product categories. SITC clasification is
derived from the Combined Nomenclature (CN), which is used in customs declarations
within the EU. Unlike the CN, which is updated annually, SITC does not change every year.
This stability makes it a valuable tool for long-term statistical and economic research.
(Finnish Customs, 2025.) But the logging system has also not taken the latest classification
changes into account. For example, in the SITC classification, e-waste cannot be clearly
identified in previous years. Therefore e-waste is missing form the research at least classified

as e-waste.

The data was first filtered using keywords from the theoretical framework, such as waste,
scrap, gullet and recycled. After this, all material categories were reviewed in full. From the
dataset, all materials were selected that were either (a) explicitly recycled (the term recycled

appears in the product name), (b) classified as waste, or (c) classified as scrap or gullet.

The SITC classification does not indicate whether a finished product, such as a car or a pipe,
i1s made from recycled material, nor does it clearly identify whether a material qualifies as
end-of-waste. The data from Uljas Data Portal was also missing e-waste category,

emphasizing the difficulties mentioned in theory in identifying and classifying the e-waste.

The obtained SITC-data had to be converted into the Harmonized System (HS)
classification, which is used in U.S. import statistics. Based on the HS codes, it is possible
to identify the applicable tariff rates for exports from Finland to the United States at the

product-code level. The United Nations Statistics Division maintains correspondence tables
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for converting between the HS and SITC, and those tables were used in linking trade data
across classifications. Once an HS code had been assigned to each product, it was possible
to identify material-specific tariff rates for different years. The period under review covers

the years 2015-2025.

Historical tariff rates for specific HS codes can be obtained from the U.S. International Trade
Commission DataWeb portal, which provides annual MFN tariff data by product code and
year. After examining the conversion Excel files and reviewing the theoretical sources, it
became evident that when a material is classified as waste or scrap, the tariff increases do
not apply to it as to primary materials such as steel or aluminium. For example the United
States has imposed broad tariff measures under Section 232 of the U.S. Trade Expansion
Act on imported steel and aluminum products. These tariffs were expanded in 2025, on many
steel and steel-containing products and their derivatives, based on the value of their steel
content. However, recycled steel/scrap (e.g. HS 7204) has been explicitly excluded from
these Section 232 tariffs instead follows the standard tariff regime, which typically involves
lower MFN rates and trade remedies if relevant. (U.S. International Trade Commission,

2025; Recycling International, 2025)

For this reason, the previously planned approach of converting and analysing tariffs based
on HS codes at a material-specific level was no longer justified. Instead, the decision was
made to compare the volumes of secondary materials with tariff policy at a general level,
focusing on overall tariff increases. For this purpose, SITC data alone was considered

sufficient.
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8 Methods

The research method used in this study is quantitative research. More specifically, the
analysis uses covariance and correlation. Covariance looks at how two continuous variables
change in relation to each other. In other words, it shows whether the variables move together
or in opposite directions. If there is a relationship, when one variable differs from its average
value, the other variable usually differs from its average as well. This change can happen in
the same direction or in the opposite direction. (Tutkimusmenetelmien verkkokésikirja,

2021.)

The covariance coefficient shows the direction of the relationship between two variables. If
the value is positive, the variables tend to increase together. If it is negative, one variable
increases while the other decreases. If the covariance is close to zero, it suggests that there
is no clear relationship. However, covariance depends on the measurement scale of the
variables. Because of this, the values are difficult to compare directly. Covariance also does
not have fixed minimum or maximum values, so it mainly helps to show the direction of the

relationship rather than its exact strength. (Tutkimusmenetelmien verkkokésikirja, 2021.)

X(z; — z)(yi — )
N —1

cov(z,y) =

For this reason, correlation is more commonly used. Correlation is the standardized form of
covariance, known as Pearson’s correlation coefficient (r). It measures the strength and
direction of a linear relationship between two continuous variables and ranges from —1 to 1.
A value of 1 indicates a perfect positive relationship, —1 a perfect negative relationship, and
0 indicates no relationship between the variables. (Tutkimusmenetelmien verkkokésikirja,

2021.)
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Also regression analysis is used to examine how one or more explanatory variables are
related to a dependent variable. However, categorical and ordinal variables can also be
included if they are converted into dummy variables. It is important to note the limitations
of regression analysis. Most importantly, regression shows associations, not causation.
Causal relationships cannot be proven with regression alone. In Excel’s regression analysis
and calculated p-value, it can be checked is the correlation statistically significant. (FSD,

2025.)

The purpose of this master’s thesis is to examine the correlation between customs policy
main events, and the volume of secondary or recycled materials exported from Finland to
the United States during the years 2015-2024. Because the products and materials included
in the study are classified as waste, scrap, or recycled materials, they generally do not fall
into the product categories to which the United States imposed higher tariffs during the last
ten years. The tariff level for these products is therefore mostly 0%. This study examines
how tariff policy, specifically trade war measures and tariff increases, has affected
(positively, negatively, or not at all) the export of the materials analyzed. The aim is to
analyze the impact of policy changes and tariff increases on secondary raw materials, even

though these measures do not directly affect the trade costs of these materials.

In order to analyse the relationship between tariff policy and the export volumes of secondary
raw materials, tariff policy must be transformed into a quantitative variable suitable for
statistical analysis. In this study, tariff policy is operationalised using a dummy variable,

which captures the presence of restrictive tariff measures during a given year.

A dummy variable is a variable that can take only two values (0 and 1). Such variables can
be used to indicate, for example, whether a respondent is a student or not, or lives in New
York or not. The analysis of covariance is methodologically close to regression analysis, the
key difference is that in covariance analysis interaction effects between explanatory

variables are taken into account automatically, whereas in regression analysis the researcher
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must explicitly add interaction variables to the model in order to capture possible joint effects

between variables. (FSD, 2025.)

The variable takes the following values:
e 0 =no tariff increase in effect
e 1 =tariff increase in effect

This binary indicator reflects whether significant tariff-related trade policy actions, such as
tariff hikes between U.S.—EU, were in force in a given year. The focus is not on the exact
tariff rate applied to the studied materials, but on the broader trade policy environment and

its potential effects on trade flows.

2015 0
2016 0
2017 0
2018 U.S. steel and aluminium tariffs 1
2019 U.S. steel and aluminium tariffs WTO aircraft subsidies dispute 1
2020 U.S. steel and aluminium tariffs WTO aircraft subsidies dispute 1
2021 U.S. steel and aluminium tariffs WTO aircraft subsidies dispute 1
2022 0
2023 0
2024 0
2025 New U.S. tariff escalation not in scope

2026 Ongoing issues (Greenland, EU-Mercosur) not in scope

Table 1. Tariff increases years and dummy variables
The hypothesis:

Customs policy and tariff levels affect the amount of secondary materials exported from
Finland to the United States. When tariff levels increase, the volume of exported secondary

materials increases.

8.1 Interview with Finnish Customs representatives

To complement quantitative research, a semi-structured interview was conducted with

Johanna Riikonen, Chief Inspector and an anonymous expert from Finnish Customs (Tulli).
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The aim of the interview was to complement and deepen the quantitative analysis rather than
to collect formal interview data. In the interview, the expert from Finnish Customs was asked
about how U.S. tariff changes, especially on metals, may have affected Finland’s exports of
secondary materials such as scrap, waste, and recycled materials. The questions, listed in
table below, focused on whether there are any visible changes in export volumes or trade
patterns during years when tariffs increased. The expert was also asked about the role of
customs classification in practice and whether there have been any challenges or changes in
classification between Finland and the United States. In addition, the discussion covered
whether Finnish exporters have adjusted their behaviour, for example by changing markets
or supply chains, due to tariff policies. The experts were asked how Finnish Customs collects
and monitors data on these exports, and what important factors researchers should consider

when studying the effects of tariff policies on secondary material trade.

1. How have recent changes in U.S. tariff policy, particularly tariffs on metals,
affected Finland’s exports of circular economy materials such as scrap, waste,

or recycled materials to the United States?

2. Based on statistics or observations by Finnish Customs, are there any clear
changes in export volumes or trade flows from Finland to the United States in

years when higher tariffs were applied?

3. Based on statistics or observations by Finnish Customs, are there any noticeable
changes in export volumes or trade flows of scrap, waste, or recycled materials

to the United States following tariff increases?

4. How significant is the interpretation of customs classification in practice, and
have there been any classification-related uncertainties or changes in recent

years in trade between Finland and the United States?

5. Have you observed Finnish exporters or traders changing their practices (for
example, destination markets, supply chains, or product descriptions) in

response to U.S. tariff policy?

6. From the perspective of customs procedures and supervision, how do EU and
Finnish waste legislation, as well as the EU Waste Shipment Regulation, affect

the export of scrap, waste, and recycled materials to the United States?

7. Can tariff policy affect exports of circular economy materials indirectly, even

if these materials are not subject to direct tariff increases? If so, in what ways?
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8. How does Finnish Customs monitor and compile statistics on exports of waste,

scrap, and recycled materials?

9. In your opinion, what key factors should a researcher consider when analysing
the impacts of tariff policy on exports of circular economy materials from

Finland to the United States?

Table 2. Interview questions to Finnish Customs” Experts.
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9 Findings

As a result of the data collection, a total of nearly 45 million kilograms of materials were
exported from Finland to U.S that fell within the previously defined scope during the 2015-
2024. During that period, exports peaked in 2016 and 2020, with more than 15 million
kilograms of secondary raw materials exported in each of those years, mainly iron, steel, and
other metal waste. These exports of secondary raw materials are relatively small when
compared to Finland’s annual exports of raw materials, oil, and chemical products to the
United States, which amount to around 1.5 billion kilograms per year and totalled

approximately 12.5 billion kilograms over the period 2015-2024 (Uljas, 2026).

Export of Secondary raw materials from Finland to U.S
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Figure 11. Total export of secondary raw materials from Finland to United States during the

research period 2015-2024.

During 2015-2024 majority of exported secondary raw materials, almost 33 million

kilograms belonged to a single subcategory: iron, steel and other metal scrap and waste.
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Figure 12. Total export of secondary raw materials from Finland to United States during the

research period 2015-2024.

The correlation analysis was conducted to examine whether there is a statistical relationship
between tariff increases, represented by a dummy variable, and export volumes of secondary

raw materials from Finland to United States.

The correlation analysis shows a slightly positive relationship (r = 0,188) between tariff
increases and export volumes of the total materials in the research scope. This suggests that
export volumes were, on average, higher during years in which tariff increases were in effect

compared to years without such measures.



53

TOTAL
Regression Statistics
Multiple R 0,187880039
R Square 0,035298909
Adjusted R Square -0,085288727
Standard Error 6351807,616
Observations 10
ANOVA
df SS MS F Significance F
Regression 1 1,18101E+13 1,18101E+13 0,292724 0,603215153
Residual 8 3,22764E+14 4,03455E+13
Total 9 3,34574E+14
Coefficients  Standard Error t Stat P-value Lower 95%
Intercept 3608967,5 2593114,6 1,391750098 0,201472 -2370765,492
Tariff increase 2218303,5 4100074,186 0,541039845 0,603215 -7236484,527

Table 3. Excel’s regression and corelation analysis for Total secondary raw materials.

It is important to note that correlation analysis does not imply causality, it only measures the

strength and direction of an association between variables.

Before looking at the regression results, it is important to check if the coefficients are
statistically significant. In regression analysis, each independent variable is tested to see
whether it actually affects the dependent variable. This means checking whether the
coefficient is different from zero. This is done using a t-test, which gives a t-value and a p-
value for each variable. The p-value shows how strong the evidence is that the variable has
an effect. At the usual 95% confidence level, a p-value below 0,05 means the result is
statistically significant, and the variable (dummy-variable) is likely to have an effect on the
dependent variable (export’s amounts). (FSD, 2025) Although the coefficient is positive, it
is not statistically significant (p = 0,6 > 0,05), as it is visible in Figure X. Therefore, no strong
statistical conclusions can be drawn regarding the effect of tariff increases on total export

volumes.

The results of this study suggest that tariff policy measures are associated with changes in
export volumes of the materials examined. Correlation analyses indicate that years with tariff
increases tend to be linked with slightly higher export volumes of materials in scope

compared to non-tariff years. While the analysis does not establish causality, the findings
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are slightly consistent with previous literature suggesting that trade policy interventions can
affect international trade flows, both directly and indirectly. It also supports the hypothesis
that exports of secondary raw materials may increase if higher tariffs are imposed on similar
materials that are not classified as waste or scrap. However, this conclusion cannot be drawn

based on correlation analysis alone.

During the year 2016 there was also a peak in export of secondary raw materials, mostly
metal scrap as seen in figures 13 and 14, without tariff related activities affecting the trade.
According to Statistics Finland (2018), Finland’s export to United Stated during this year
was not particularly different, and there was no single event at that time that would clearly

explain it.

Export of Secondary Raw Materials, total

18 000 000
16 000 000
14 000 000
12 000 000
10 000 000
8000 000
6 000 000
4000 000
2000 000
0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

I Tariff increase === Total

Figure 13. Export of secondary raw materials (total) from Finland to U.S. during the years

2015-2024.
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Export of Iron, steel and other metal scrap and
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Figure 14. Export of Iron, steel and other metal scraps or waste from Finland to U.S. during

the years 2015-2024.

Since most of the exported materials consist of iron, steel, and other metal scrap and waste,
the results are broadly similar for this subgroup as for the total as presented in Figure 13.
The correlation analysis indicates a weak positive relationship (r = 0.188) between tariff
increases and the export volumes of metal scrap and waste. This implies that, on average,
exports were somewhat higher in years when tariff increases were in place than in years
without them. However, the relationship is not statistically significant with same p-value (p
= 0.6 > 0.05). As a result, no firm statistical conclusions can be made about the impact of
tariff increases on the export of metal scrap and waste. While the positive correlation is in
line with the hypothesis that exports of scrap and waste may rise when higher tariffs are
applied to similar non-waste materials, this hypothesis cannot be confirmed on the basis of

correlation analysis alone.
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Multiple R 0,187896385
R Square 0,035305051
Adjusted R Square -0,085281817
Standard Error 6350186,45
Observations 10
ANOVA
df SS MS F Significance F

Regression 1 1,18062E+13 1,18062E+13 0,292777 0,603183051
Residual 8 3,22599E+14 4,03249E+13
Total 9 3,34405E+14

Coefficients  Standard Error t Stat P-value Lower 95%
Intercept 2411874,167 2592452,762 0,930344499 0,379411 -3566332,624
Tariff increase 2217937,333 4099027,728 0,541088639 0,603183 -7234437,557

Figure 4. Excel’s regression and corelation analysis for Iron, steel and other metal scrap and

waste.

The exported volumes of other materials, such as plastics, glass, textiles or other, were very
small, making them statistically impossible to analyse and interpret reliably. Their
correlation coefficients are close to zero and only mildly positive. This indicates a weak
positive correlation with tariff levels, which suggests that tariff increases are associated with
slightly higher export volumes of these materials. However, the p-values range between 0,5
and 0,8, which is much more than 0,05 level, meaning that the relationship is not statistically

significant.
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Figure 15. Export of Plastic scraps or waste from Finland to U.S. during the years 2015-

2024.
PLASTIC SCRAP AND WASTE
Regression Statistics
Multiple R 0,206442
R Square 0,042618
Adjusted R Square -0,077055
Standard Error 27336,6
Observations 10
ANOVA
df SS MS F Significance F

Regression 1 266126796,2 266126796,2 0,356123 0,567167601
Residual 8 5978315924 747289490,5
Total 9 6244442720

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 30540,5 11160,11866 2,736574847 0,025584 4805,220229 56275,78
Tariff increase 10530,25  17645,69696 0,59676022 0,567168 -30160,8001 512213

Figure 5. Excel’s regression and corelation analysis for Plastic scrap and waste.
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Figure 16. Export of Textile waste or used clothing from Finland to U.S. during the years

2015-2024.

OVERVIEW, TEXTILES SCRAP AND USED CLOTHING

Regression Statistics

" Multiple R 0,070001
R Square 0,0049
Adjusted R Square -0,11949
Standard Error 4860,131
Observations 10
ANOVA
df sS MS F Significance F
Regression 1 930513,1 930513,1 0,039394 0,84762185
Residual 8 1,89E+08 23620868
Total 9 1,9E+08
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% )
Intercept 5653,833 1984,14 2,849513 0,021495 1078,39836 10229,27
Tariff increase 622,6667 3137,201 0,198478 0,847622 -6611,7312 7857,065

Figure 6. Excel’s regression and corelation analysis for Plastic scrap and waste.
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Figure 17. Export of Other crude mineral waste from Finland to U.S. during the years 2015-

2024.

OVERVIEW OTHER CRUDE MINERAL WASTE

Regression Statistics

Multiple R 0,2488838

R Square 0,06194315

Adjusted R Square -0,05531396

Standard Error 235542,004

Observations 10
ANOVA

df S5 MS F Significance F
Regression 1 2,9308E+10 29308312918 0,528267739
Residual 8 4,4384E+11 55480035503
Total 9 4,7315E+11
Coefficients  Standard Error t Stat P-value

Intercept 1131483,5 96159,6203 11,76672179 2,48948E-06
Tariff increase -110507 152041,71  -0,726820294 0,488055703

Figure 7. Excel’s regression and corelation analysis for Other crude mineral waste.
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Because the results of the statistical correlation analysis are weak and difficult to draw
conclusion, Chief Inspector Johanna Riikonen and anonymous Expert from Finnish Customs

was interviewed via e-mail. Below are findings based on the answers.

The classification system is updated from time to time, usually about every five years. These
updates reflect changes in technology, new product types, and developments in global trade.
However, the classification for electronic waste has been kept quite general on purpose. This
makes it possible to group many different types of electronic waste together even when new

technologies and products appear on the market.

Product classification is very important in international trade. The classification code
determines which tariffs apply to a product and what regulations must be followed. It also
affects how trade flows are recorded in statistics. Export declarations sometimes use less
detailed classifications, but import procedures usually require more precise information.
When goods are exported to the United States, U.S. customs authorities check the product

codes to make sure that the goods are classified correctly.

In some cases, exporters may try to use an incorrect classification code. This could happen
if they want to benefit from lower tariffs or simpler rules. However, customs authorities
monitor this type of activity. Different control systems and inspections are used to detect

wrong classifications and make sure that trade rules are followed.

In Finland, issues related to customs duties and international trade policy are mainly handled
by the Ministry for Foreign Affairs, not by the customs authority itself. The ministry is
responsible for trade negotiations and for shaping Finland’s trade policy together with the

European Union.

At the moment, the European Union does not have a full free trade agreement with the United
States. Because of this, trade between the EU and the U.S. takes place without the tariff
reductions and simplified rules that usually come with such agreements. At the same time,
the EU has many trade agreements with other countries and regions. These agreements aim

to reduce tariffs and make international trade easier.

Information about circular economy activities and e-waste exports often comes from
industry experts and export specialists. However, statistical databases mainly provide

numerical trade data, such as export volumes and values. These statistics show how much
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trade takes place, but they do not always explain the environmental or economic impacts

behind the numbers.

According to expert responses from Finnish Customs and the available statistics, recent U.S.
tariff changes have not clearly affected Finland’s exports of circular economy materials to
the United States. The most recent data available up to November 2025 does not show any

major changes in export volumes or trade patterns.

Historical data also shows that the United States has only been a small destination for Finnish
waste and scrap exports. For example, exports of iron and steel scrap from Finland to the
United States have remained quite small since the early 2000s. The U.S. share of Finland’s
total exports in this category was about 3.6% in 2016, 2.5% in 2018, and 1.9% in 2020. In

many other years the exports were very small or did not exist at all.

Exports of electronic waste to the United States have been even smaller. This product group
received its own CN classification code only in 2022. Since then, exports from Finland to
the U.S. have been minimal, usually only a few hundred or a few thousand euros per year.
In 2023, the exports were about €17,500. At the same time, Finland’s total exports in this
category were between €11 million and €18 million annually. This shows that the U.S. share

of Finland’s electronic waste exports is extremely small.

Exports of plastic waste to the United States are also very limited. During the 2010s, they

accounted for less than one percent of Finland’s total exports in this category.

Overall, the data suggests that increases in U.S. tariffs have not had a noticeable impact on
Finland’s exports of waste, scrap, or recycled materials. One reason is that the trade volumes

between Finland and the United States in these material categories are already very small.

Even though tariff impacts seem limited, customs classification still plays an important role
in international trade. The classification of goods determines the tariffs and regulations that
apply to them. According to the experts interviewed for this study, there have not been major
classification disputes in trade between Finland and the United States. However, there is still
a growing need for more detailed classification of recycled materials, especially as

governments try to better track trade related to the green transition.

In practice, regulations related to waste shipments appear to affect exports more than tariffs.

In the European Union, waste exports are regulated by the Waste Shipment Regulation. If a
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material is officially classified as waste, exporters must present certain documents.
Hazardous waste requires a special export permit from the Finnish Environment Institute
(SYKE). Non-hazardous “green-listed” waste must be accompanied by an Annex VII
document. Customs authorities monitor these shipments through document checks and

sometimes through physical inspections.

Because of this, environmental regulations and circular economy policies seem to play a

larger role in controlling exports of waste and recycled materials than tariff policies alone.
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10 Discussion

This study aimed to examine and answer the research question, whether increases in United
States tariffs have affected Finland’s exports of secondary raw materials to the U.S. during
2015-2024. The results show that there is only a weak and statistically insignificant
relationship between tariff increases and export volumes. This means that the main research
question cannot be clearly confirmed, as tariff changes do not seem to have had a strong
direct impact on exports. The findings also show that export volumes of these materials are
generally very small. Expert insights further support this, suggesting that environmental
regulation and practical factors, such as recycling capacity and market demand, have a bigger

role than tariffs.

In the theory part, a research gap was identified regarding how tariff policies affect the trade
of secondary raw materials. The results suggest that, at least in this case, tariff policy alone
does not explain trade patterns when researching only Finland’s export. Instead, the study

highlights the importance of other factors.

There are several limitations in the study, that should be taken into account. First, the total
export volume examined in this research is relatively small. During the years 2015-2024,
about 45 million kilograms of secondary raw materials were exported from Finland to the
United States. Compared to Finland’s total exports to the United States, this amount is very
small. Finland exports around 1.5 billion kilograms of other goods such as raw materials, oil
products, and chemicals to the U.S. each year (Uljas, 2026). Because the trade flows of waste
and scrap materials are so limited, it becomes difficult to find strong statistical relationships

between tariff changes and export volumes.

Second, the time period of the study is also quite limited. The analysis covers the years 2015—
2024. In international trade, policy changes often take time before they appear in statistics.
Companies may react slowly to tariff changes, and contracts or supply chains may take years
to adjust (Pal, 2025). Because of this, the real impact of some tariff policies may not yet be

visible in the available data.

Another limitation relates to the statistical methods used in the study. Correlation and

regression analysis can show whether two variables move together, but they cannot prove
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that one variable causes the other. In this research, the correlation between tariff increases
and export volumes was weak and not statistically significant. This means that the analysis

cannot confirm that tariff increases actually caused changes in exports (FSD, 2025).

The available data also created some limitations. Some categories, such as plastic waste,
textile waste, and mineral waste, had very small export volumes. Because of this, it was
difficult to analyse them properly with statistical methods. In addition, trade statistics use
classification systems, which sometimes group different types of materials into broad
categories. This can make it harder to track specific materials, especially newer categories
such as electronic waste. For example, e-waste only received its own CN code in 2022
(United Nations University, 2026). The SITC classification, which was used in this research,

does not include a single dedicated category for e-waste.

Another important issue is that tariffs are only one factor that can affect trade flows. As the
expert interviews suggested, environmental regulation and waste shipment rules may have a
stronger influence on exports than tariffs. In the European Union, the export of waste
materials is regulated by the Waste Shipment Regulation, which controls how waste can be
transported across borders in order to protect the environment (European Commission,
2025). Because these regulatory factors were not included in the statistical model, their

impact could not be measured in this study.

Finally, the research focuses only on exports from Finland to the United States. However,
international waste trade is strongly influenced by global markets. Many recyclable materials
are traded with e.g. Asian markets. Changes in demand or policy in those regions may also

influence Finland’s export.

There are several ways in which future research could expand on this study. First, future
studies could examine a longer time period. Trade policies and their impacts often develop

slowly, so analysing a longer dataset could help identify clearer trends.

Second, future research could include data from several European countries, or the whole
EU, instead of focusing only on Finland. By studying a larger group of countries, researchers

would have more observations and possibly stronger statistical results.

Another possible improvement would be to include more explanatory variables in the

analysis. For example, global scrap prices, recycling capacity, environmental regulation, and
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international waste policies may all influence exports of secondary raw materials. Including

these factors could help explain trade patterns better.

Future studies could also focus on specific materials that are important for the circular
economy, such as metal scrap or electronic waste. These materials contain valuable metals
and components that can be reused in new production, which makes them important for

resource efficiency and sustainability.

Finally, more qualitative research could be useful. Interviews with recycling companies,
exporters, and policymakers could help explain the practical reasons behind trade decisions.
Combining statistical analysis with industry perspectives could give a more complete picture
of how trade policy, environmental regulation, and market conditions influence the global

trade of secondary raw materials.
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11 Conclusion

This study examined whether increases in United States tariffs have affected the export of
secondary raw materials from Finland to the United States between 2015 and 2024. The
results show that the total export volume of these materials was relatively small. During the
whole research period, about 45 million kilograms of secondary raw materials were exported
from Finland to the United States. When this is compared with Finland’s total exports of raw
materials, oil products, and chemical products to the U.S., the amount is very small. During
the same period, Finland exported about 12.5 billion kilograms of these other products to the
United States.

Most of the exported secondary raw materials consisted of iron, steel, and other metal scrap.
These materials made up almost 33 million kilograms of the total exports. Other materials
such as plastic waste, textile waste, and mineral waste were exported only in very small
amounts. Because the volumes were so small, it was difficult to analyse these categories

statistically in a reliable way.

The statistical analysis included correlation and regression analysis. The results showed a
weak positive relationship between tariff increases and export volumes of secondary raw
materials. However, the relationship was very weak. The correlation coefficient was low (r
= 0.188), and the regression results were not statistically significant (p = 0.6 > 0.05). This
means that the analysis does not provide clear evidence that tariff increases have affected
the export volumes. Even though exports were on average slightly higher during years with

tariffs, the relationship is too weak to make strong conclusions.

Information from Finnish Customs experts also supports these results. According to the
experts and the available trade statistics, recent U.S. tariff measures, especially those
targeting metals, have not clearly affected Finland’s exports of circular economy materials.
One reason is that the United States has never been a major destination for Finnish waste or
scrap exports. In most categories, the share of exports going to the United States has been

very small compared to Finland’s total exports to the rest of the world.

The results also show that regulation may have a bigger impact on exports than tariffs. In

the European Union, waste shipments are strongly regulated under the Waste Shipment
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Regulation. Depending on the type of waste, exporters must have special permits or
documents before exporting the materials. Customs authorities also monitor these shipments.
Because of this, environmental regulations and circular economy policies may influence

exports more than tariff changes.

Another limitation of this study is the small dataset. The analysis uses only annual data from
a relatively short time period. Trade flows can also be affected by many other factors, such
as global economic conditions, changes in demand, exchange rates, and events like the
COVID-19 pandemic. These factors were not included in the statistical model, which may

also affect the results.

Future research could expand this analysis in several ways. For example, a longer time
period could be studied to see whether tariff effects appear later. Research could also include

more countries instead of focusing only on Finland.

Overall, the results suggest that U.S. tariff increases have not had a clear impact on Finland’s
exports of secondary raw materials during the research period. The main reason is that these
exports are already very small and are more strongly influenced by environmental regulation

and global market conditions than by tariffs
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Appendix 1. Interview questions and answers

Kysymykset ja vastaukset:

1. Miten Yhdysvaltojen viimeaikaiset tullipoliittiset muutokset, erityisesti metalleihin
kohdistuvat tariffit, ovat vaikuttaneet Suomen kiertotalousmateriaalien, kuten

romun, jdtteen tai kierrdtettyjen materiaalien vientiin Yhdysvaltoihin?

Tilastojen ndkokulmasta muutosta ei ole ainakaan vield néhtdvilld (marraskuun 2025

tilastot tuoreimmat).

2. Onko Suomen Tullin tilastojen tai havaintojen perusteella néhtdvissa selkeitd
muutoksia vientimiérissé tai -virroissa Suomesta Yhdysvaltoihin vuosina, jolloin

nithin kohdistui korkeammat tullimaksut?

Esim. rautapohjaisten jitteiden ja romun (CN 7204) vienti Yhdysvaltoihin on ollut
vaatimatonta koko 2000-luvun. Yhdysvaltojen osuus timén tavararyhmén
kokonaisviennistd Suomesta ulkomaille oli vuonna 2016 3,6%, vuonna 2018 2,5% ja
vuonna 2020 1,9%. Muina vuosina (2002-) vientid ei ole ollut, tai se on ollut hyvin
vihaista.

Sahko- ja elektroniikkajétteet ja -romu saivat yksil6llisen CN-nimikkeen (CN8549) vuonna
2022. Yhdysvaltojen osuus Suomen kokonaisviennistd timén tavararyhmin osalta on ollut
olematonta, muutamia satoja tai tuhansia euroja vuodessa (v. 2023 17 500€). Suomen

kokonaisvienti nimikkeessd CN8549 on ollut samoina vuosina 11-18 milj. euroa vuodessa.

Muovijétteiden ja -romun (CN3915) vienti Yhdysvaltoihin on my0s ollut vihaista, alle

prosentin luokkaa tavararyhmin kokonaisviennisti koko 2010-luvun.

3. Onko Suomen Tullin tilastojen tai havaintojen perusteella ndhtévissa selkeité
muutoksia vientiméadrissé tai -virroissa romun, jédtteen tai kierrdtetyn materiaalin

osalta Yhdysvaltoihin tullien korotusten jdlkeen?

Ainakaan vield muutosta ei ole ndhtdvissa.



4. Kuinka merkittidva rooli tulliluokittelun tulkinnalla on kidytinndssd, ja onko
luokitteluun liittynyt epaselvyyksid tai muutoksia viime vuosina Suomen ja

Yhdysvaltojen vilisessd kaupassa?

Tavaroiden luokittelu vaikuttaa tullikohteluun, joten oikein luokitteleminen on tirkeéa.
Suurin vaikutus tilld on tuonnissa. Tietooni ei ole tullut erityisid epédselvyyksid
luokittelussa. Kierrdtysmateriaalien luokittelusta voisi yleisesti todeta, ettd tarve nykyisti
tarkemmalle luokittelulle on olemassa laajasti, koska kauppavirtoja halutaan seurata entisti

tarkemmin mm. vihreén siirtymén puitteissa.

5. Onko havaittavissa, ettd suomalaiset viejét tai kauppiaat ovat muuttaneet
toimintatapojaan (esimerkiksi kohdemarkkinoita, toimitusketjuja tai

tuotekuvauksia) vastauksena Yhdysvaltojen tullipolititkkaan?
Tatd voisi tiedustella esim. Finprosta.

6. Miten EU:n ja Suomen jitelainsdddantd sekd EU:n Waste Shipment Regulation
vaikuttavat kdytdnndssd romun, jdtteen ja kierrdtettyjen materiaalien vientiin

Yhdysvaltoihin tullimenettelyjen ja valvonnan nakokulmasta?
Tédhdn odotan kollegan vastausta.

7. Voiko tullipolitiikka vaikuttaa kiertotalousmateriaalien vientiin epasuorasti, vaikka

ndihin materiaaleihin ei kohdistuisi suoria tullikorotuksia? Jos kyll4, milld tavoin?
Tédhdn odotan kollegan vastausta.

8. Miten Suomen Tulli seuraa ja tilastoi jitteen, romun seki kierrdtetyn materiaalien

vientid?
Tédhén odotan kollegan vastausta, sen lisdksi mitd aiemmissa vastauksissa on tullut esiin.

9. Mitid keskeisid tekijoitd tutkijan tulisi mielestdnne ottaa huomioon, kun
analysoidaan tullipolitiikan vaikutuksia kiertotalousmateriaalien vientiin Suomesta

Yhdysvaltoihin?

Tahédn odotan kollegan vastausta.



EU:n jétesiirtoasetus vaikuttaa vientiin siten, ettd jos kyseessd on maéritelmien mukaisesti
jate, Tullille tulee esittdd joko SYKE:n myontdma vientilupa (vaaralliset eli ns. keltaiset
jétteet) tai asetuksen liitteen VII mukainen vihreiden jétteiden siirtoasiakirja, jotta vienti

voidaan hyviksya. Valvonta on seki asiakirjapohjaista ettd riskiperusteisesti myds fyysista

tavarantarkastusta.

Tullipolitiikka ei niinkdin vaikuta tdhdan vaan EU:n muut vaatimukset, kuten juurikin
jatesiirtoasetus ja erilaiset kiertotaloutta koskevat asetukset, joissa asetetaan vaatimuksia

tuontia tai vientid koskien ja jotka siten tulevat Tullin valvottavaks



Appendix 2. Data, simplified

Year

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

Tariff

increase

oS o o

S o O

Exported
amount

Total

1116 677
15 669 819
1300 091
4316628
1445334
16 163 302
1383 820
897 165
1320493
1 349 560

Iron, steel

& metal

99331
14090649
24855
3056190
100032
15339484
23540
26161
53112
177137

Plastics

47379
67088
7788

12128
30478
85487
36190
15775
6009

39204

Wood

4266
2335
10113
532
558
13522
17
146
90
140

Plant
based

23

0
80000
161305
300065
65

7

30
40269
87

Textiles

2017
274
838
2520
5023
9700
7863
6509
10051
14234

Other
crude
mineral
956597
1504439
1174003
1051263
1007878
710402
1314363
841051
1196010
1116801

Oils

40
461
1612
4012
144
3585
130
4237
125
117

Glass

45

15

103

182
247

Other

6979
4569
867
28675
1156
1057
1607
3251
14645
1593

Total

1116677
15669819
1300091
4316628
1445334
16163302
1383820
897165
1320493
1349560



Appendix 3. Data

#NIMI?  SITC revd, CC BY 4.0
US (2002--.) Yhdysvallat, Vienti madrdamaittain, 2015-2024
Classification 2024 2023 2022 2021 2020 2019 2018 2017 2016 2015 Total Total/group
Group Amount Amount Amount Amount Amount Amount Amount Amount Amount Amount Amount Amount
Plant 08119 (2002--.) Vegetable resid 85 92 0 0 0 0 0 0 0 0 177
based 0813 (2002--.) Oil-cake and othe 0 166 0 0 ] 65 25 0 0 0 256
0815 (2002--.) Residues of starc 2 40011 30 7 65 300000 161280 80000 0 23 581418 581851
Other |2322 (2002--.) Reclaimed rubbe 0 0 0 0 ] 0 25820 0 0 0 25820 25820
Other |24404 (2002--.) Waste cork; cru 0 0 0 0 0 0 0 0 67 4 71 71
Wood |246(2002--.) WOOD IN CHIPS O 140 20 146 17 13522 558 532 10113 2335 4266 31719 31719
Other |2511 (2002--.) Recovered (wast{ 0 0 1000 0 4] 0 0 0 0 0 1000 1000
26142 (2002--) Silk waste (inclu 0 ] 0 0 0 0 0 0 0 0 0
26149 (2002--2006) Silk waste, 1 0 ] 0 0 0 0 0 0 0 0 0
2633 (2002--.) Cotton waste (ind 1 7 2 0 131 0 0 0 0 0 141
Textiles 2649 (2002--.) Other jute and ot 4 0 0 12 2 0 0 0 0 0 18
26513 (2002--.) Flax, raw or pro 0 0 0 0 0 0 0 0 0 0 0
2672 (2002--.) Waste (including 1 4 7 10 0 0 0 0 0 0 22
2686 (2002--.) Waste of wool or| 0 9 0 0 0 0 0 0 0 0 9
269 (2002--.) WORN CLOTHING 14228 10031 6500 7841 9567 5023 2520 838 274 2017 58839 59029
Other |27852 (2002--.) Mica (including 1116801 1196008 841051 1314363 710401 1007473 1051200 1174000 1504439 956574 10872310
crude |2786 (2002--.) Slag, dross, scalin 0 2 0 0 1 405 63 3 0 23 497 10872807
282 (2002--.) FERROUS WASTE A 10 0 9 2 15322485 0 3000052 187 14000002 0| 32322747
288 (2002--.) NON-FERROUS BA 164000 42000 0 0 ] 0 0 0 0 0 206000
Iron, steel|2892 (2002--.) Waste and scrap 5 5118 0 0 1 0 0 6686 0 0 11810
& metal (6891 (2002--.) Tungsten (wolfra 918 61 18307 17431 14426 100011 56128 17982 90647 99243 415154
6898 (2002--.) Intermediate pro 0 0 0 0 0 0 0 0 0 0 0
6899 (2002--.) Base metals, n.e. 12204 5933 7845 6107 2572 21 10 0 0 88 34780 32990491
Oils 3347 (2007--.) Waste oils 116 123 237 126 139 135 811 812 461 39 2999
33541 (2002--.) Petroleum bitur 1 2 4000 4 3446 9 3201 800 0 1 11464 14463
Other 4313 (2002--.) Degras; residues 0 0 0 0 4] 3 0 0 0 0 3 3
Other 54199 (2002--.) Other pharmacs 1267 10786 23 559 919 23 188 129 3598 6262 23754 23754
Plastics |579 (2002--.) WASTE, PARINGS 4 39204 6009 15775 36190 85487 30478 12128 7788 67088 47379 347526 347526
59812 (2002--.) Residual lyes frg 156 3472 2163 1014 138 595 2667 136 19 2 10362
Other |599 (2007--.) RESIDUAL PRODU( 5 9 7 4 ] 12 0 0 0 1 38 10400
62592 (2002--.) Retreaded tyres| 158 378 58 30 0 523 0 602 885 710 3344
Other |62593 (2002--.) Used pneumatid 7 0 0 0 4] 0 0 0 0 0 7 3351
Glass |66411 (2002--.) Glass in the mag 247 182 5 103 0 0 3 15 4 45 604 604
Total 1349 560 1320493 897 165 1383 820 16 163 302] 1445334 4 316 628 1300 091 15669 819 1116677| 44 962 889 44962889




