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Abstract
This report examines the key requirements for evaluating sustainability in logistics and supply chain management, with a specific focus on the application of circular economy principles. By assessing sustainability metrics, lifecycle assessments, and regulatory standards, the report outlines how businesses can integrate environmental, social, and economic considerations into their supply chain operations. The report then explores the application of circular economy concepts to Tata Steel and how circularity can drive resource efficiency, waste reduction, and material reuse in industrial operations. Key strategies include recycling steel, managing byproducts, and establishing closed-loop supply chains. The findings highlight the potential for Tata Steel to enhance its sustainability performance by adopting circular economy practices and reducing its environmental footprint through innovative supply chain management. It will also look at the current changes TATA Steel has made to its heavy end supply chain and how this has been driven by environmental policies, sustainability and circular economy principles. 
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1.0 Introduction
“When looking at today’s economy the consumption of materials and the potential harm this is doing from the waste production. Today’s global economy consumes 100 billion tons of materials, of which 7.2billion tons come from secondary materials. According to some scientists, the use of physical materials is creating harmful health outcomes, economic losses and untenable levels of greenhouse emissions. “(Enviornment Defense Fund, 2024)
Sustainability in logistics and supply chain management has become increasingly important in light of growing environmental concerns, regulatory pressures, and stakeholder expectations. The ability to evaluate and implement sustainable practices is critical for businesses seeking to reduce their carbon footprint, optimise resource usage, and enhance operational efficiency. This report aims to provide an understanding of the key requirements for evaluating sustainability in logistics and supply chain management, focusing on metrics such as carbon emissions, waste management, and lifecycle assessments.
A crucial component of modern sustainability strategies is the adoption of circular economy principles, which seek to design out waste and extend the life cycle of materials through processes like recycling, remanufacturing, and reusing. The report applies these principles to Tata Steel, the current plans for an electric arc furnace and exploring how the company can transform its operations by embracing circularity. As a major global player in steel production, Tata Steel presents a valuable case study in how industrial firms can transition to a more sustainable, resource-efficient model.
There are many studies on the perfect module of a circular economy. As shown in Figure 1 in appendix. 
The following sections will delve into the detailed requirements for sustainability evaluation and outline practical applications of circular economy concepts within Tata Steel’s supply chain and production processes, offering insights into how the company can achieve its sustainability goals. (Ewijk, 2023)

2.0 The Circular Economy Framework
Circular Economy Principles
“The circular economy is currently one of the most discussed terms among environmental economic scientists and a focus of the European Union Horizon 2020. Its core defining elements is the restorative use of resources” (Pietrulla, 2022) In general terms a circular economy promotes resource minimisation and the adoption of cleaner technologies. (Anderson, 2007) The ideology of a circular economic framework is materials used within the framework never become waste and nature is regenerated. It’s relevance within the steel industry is due to the reliance on resources and the significant carbon footprint these produce. The steel industry accounts for 7% of global greenhouse emissions. (World Steel Association, 2021) When looking at TATA Steel and the Steel industry itself the circular economy principles used are:
1. Maximising Material Efficiency: lean manufacturing principles, reduction of waste during production, focusing on age of stock and how to make production more efficient. Looking at designing products for recyclability. For example TATA Steel Packaging and the innovation rewards received for producing food packaging that is recyclable. 
2. Promoting Recycling and Reuse: Using steel scrap in production. Under its current business objectives TATA Steel is investing heavily in building an Electric Arc Furnace that will use renewable energy to power the furnace and use scrap steel to produce new products. This will look at the close loop supply chain theory that all supply will come from the UK reducing logistic emissions as well as recycling waste from manufacturing of end steel products by looping these by products in as the raw materials used in EAF.

3.0 TATA’s Initiatives
Tata Steel UK has implemented many initiatives relating to circular economy principles to align with the UK Government’s Industrial decarbonisation Strategy. (HM Government, 2021)
1. Increased use of Steel scrap: The transition to an EAF (Electric Arc Furnace) will see TATA Steel utilising scrap raw materials to make new products. This will have  huge impact of the amount of greenhouse gases produced by closing the blast furnaces and building an EAF with an investment of £1.6 billion bounds to secure its future in the circular economy. It is estimated  by commission an EAF over the blast furnaces will reduce TATA carbon emissions by 90%. (TATA Steel Europe, 2024)
2. Waste Valorisation:  TATA Steel sells off its waste products such as slag (GGBFS) to be used in slag cement. It also sells off by products such as ammonia and sulphur that are produced during the manufacturing process of steel. (Tata Steel, 2022)
3. Efficiency Energy Improvements: Adopting heat harnessing technology produced in manufacturing to harness energy for future use. Investing in renewable energy sources. Research currently being undertaken to use hydrogen in the steel making process.
4. Designing for Sustainability : Looking at TATA Steel Packaging Sector, this is a huge initiative for their downstream operations. Not only have individuals and the company received Recycling Hero awards recognised nationally for developing food packaging that is fully recyclable, it is also involved in joint research with Swansea University in the advantage of steel packaging and investigating the effect of hydrogen on steel with a view to future developments in hydrogen transport for example as Net Zero efforts. (TATA Steel Europe, 2024) (See Figure 2 Appendix for article clip)  
       
4.0 Critical Analysis and Challenges

While there are initiatives in place to help reach sustainability through circular economic principles TATA Steel still faces challenges:
1. Energy Transition: Decarbonising steelmaking energy inputs are complex as it relies heavily on high temperature processes. There is research into Hydrogen based steelmaking, however it is not yet scalable or cost effective. (World Steel Association, 2021) (See Figure 3 Appendix)
2. Economic Viability: The circular economic initiatives that are being undertaken by TATA Steel UK require substantial investment upfront in the new technology of an EAF. In current climates of the Steel industry with highly competitive pricing from Asian Steel it is a critical turning point in TATA UK’s economic health. With an estimated £700 million being invested by TATA Steel Globally in EAF build along with Government funding. The support from government subsidies and policies is key for TATA’s sustainability initiatives to cross the finish line. It will also affect the pace as to which TATA steel can implement these initiatives. 
3. With the Steel industry as a whole being so competitive from areas where sustainability initiatives and policies are not as stringent it is an extremely challenging time for UK steel. Navigating the transition period of supply will be key for TATA stell UK to remain competitive and focusing on customers who want green steel as their products. 
5.0 Overcoming challenges
Key policy frameworks and collaboration is key to overcoming the challenges to route to NetZero.
The UK’s government Carbon Capture and storage initiatives provide funding and incentives to industries transitioning to low carbon operations.
Partnering with key stakeholders within supply chain can close the material loop, for example collaborating and creating partnerships with competitors to supply steel during the interim has been key for TATA Steel to continue with the downstream operations of producing steel. When looking ta collaborators it has been important for TATA Steel to choose their 3rd party suppliers who can provide the same quality and also have the same NetZero goals to close the loop with sustainability from a carbon emissions standpoint. 
6.0 Conclusion
Looking at TATA Steel’s circular economy initiatives illustrates the synergy between sustainability and industrial innovation. By adopting these initiatives TATA is inline with the NetZero  goals. However to realise these strategies to the full potential there a key challenges to overcome and only time will tell if TATA Steel’s economic health will allow the time it will take to develop the EAF and sustain stell making in the UK. The collaborative objectives and sustained policy support from government are critical to upscaling the practices and making UK Steel making not only sustainable but profitable. Time scales for research circular economy is a relatively new theory with many different definitions. (Giovanni, 2022) 
With the current position of the Steel industry as a whole this report only touches the surface of the sustainability movement within supply chain at TATA. Globally there are many initiatives and companies who have a applied circular economy theory to their supply chain and are mature in their current markets. To really look at the effects of circular economy and sustainability further case studies could be used to compare different stages of their transition and relate this back to TATA’s current position. For example a globally renowned brand such as Nike uses collaboration within their supply chain to ensure suppliers of their materials use sustainable material to future proof their products. 
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ECONOMY

DESIGN FOR CIRCULARITY
Products are designed to use and
waste less (e.g., durable, modular,
lighter-weight, products as a service).

PROCURE INTENTIONALLY
Input materials maximize bio-based,
sustainably-sourced, reusable, and
low waste principles.

MANUFACTURE EFFICIENTLY
Manufacturing processes are
optimized to reduce waste and
environmental impact and optimize
resource use / value.

MARKET & SELL CONSCIOUSLY
Business models, user experience,
‘and marketing/sales channels are
designed to nudge consumers toward
lower consumption, lower waste
behavior.

OPERATE CIRCULARLY

Business models and operations
“close the loop' to keep materials in
use and at their highest value for as
long as possible.
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« Has the lacquer film on the surface blistered or peeled away from the can?
« Is there any evidence - even at microscopic level - of corrosion?
« Are there any visual changes to the can, like discoloration or blackening, that would be unacceptable to customers?
The overall question is whether the product still meets quality, safety and reliability standards after all these tests. This is vital for our customers to
know to assure their customers the highest quality product.

"It also means the public can be confident their cans of beans - or anything else ~ have been scientifically tested and are safe to eat".

SaMI researchers have also assisted Tata Steel in improving products and the processes and recently have been investigating the effect of hydrogen
on steel with a view to future developments in hydrogen transport for example as part of Net Zero efforts.
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To everyone who has worked with her, Nicola Jones has always been a true steel hero - now, she has been officially recognised as one of the
world's leading recycling heroes.

Packaging Recycling Manager Nicola has been named the UK's only recipient in the 2024 global Recycling Hero Awards, organised by the Global
Recycling Foundation.

The award recognises her dedication to promoting steel packaging recycling throughout the course of her 25-year career at Tata Steel UK.

Nicola said: "I am truly honoured to be chosen as one of the recipients of the Recycling Hero Award, a testament to the dedication and passion we all
share for sustainable practices.

“The steel recycling landscape has changed dramatically over the past two decades.
In 1998, the steel recycling rate was 25%, yet this has now tripled to more than 75%.

“This significant increase is no accident, but the result of substantial investment in
both collection and recycling infrastructure, and public education on the benefits of
recycling to the planet.”

As a member of many advisory and strategic working groups, Nicola has used her
expertise to shape recycling and packaging policy and regulation throughout the UK.

She developed a recycling and sustainability education programme for Tata Steel that
delivers workshops to schools, colleges and universities — the demand for which is
stronger than ever.
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Very important for netzero emission, and at technology
readiness level (TRL) 5, likely to be available from 2030

Another group of steelmakers are looking at the transitional
use of hydrogen by blending it with fossil-based reductants,
using itin conventional steelmaking processes (BF and
DRI)to improve greenhouse gas efficiency. thyssenkrupp is
testing the use of hydrogen in a blast furnace; this approach
has also been studied inJapan as part of the COURSES0
project” The approach s rated by IEA at TRL 7, ready for
Geploymentin 2025.

Tenova, Salzgitter and thyssenkrupp have or are testing
natural gas-based DRI with high levels of hydrogen blending
(TRL7, 2030). voestalpine's Susteel project is looking to
apply hydrogen plasma reduction to ironmaking, while

the University of Utah is researching flash ironmaking
technology (TRL 4). Hydrogen can also be used in ancillary
processes, such a reheating furnace, as a substitute for
natural gas.

Challenges
Scale up

Under the IEA's core Sustainable Development Scenario
(SDS), electrolytc hydrogen as a primary reducing agent

s introduced at commercial scale in the mid-2030s and
‘expands to 12 Mt used in 2050, The IEA also expects that by
2050 the greatest demand for electrolyti hydrogen in steel
s expected in India and China (ust over 4.5 Mt of hydrogen
in each) due to large production volumes and access to large
amounts of low-cost renewable electricity.

Around 70 Mt of dedicated hydrogen are produced today,
76% from natural gas and almost al the rest (23%) from coal.
Less than 0.19% of global dedicated hydrogen production
today comes from water electrolysis. If all current dedicated
hydrogen production were produced through water
electrolysis’ (using water and electricity to create hydrogen),
this would result in an annual electricity demand of 3,600
TWh - more than the annual electricity generation of the
European Union.

Under [EA's SDS, global demand for hydrogen increases to
287Mt by 2050°, which represents an increase of over 400%
from 2020, This presents a massive scale up challenge.

Afurther challenge s that three times more volume is
needed to supply the same amount of energy as natural
gas. Additional transmission and storage capacity across the
network might therefore be required."

Electrolysis requires water as well as electricity. Around 9
litres of water are needed to produce 1 kg H,, producing 8 kg
of oxygen as a co-product. This could be a challenge in water
stressed areas.

Costs

The IEA found that innovative process routes (including
CCS on the BF, smelt reduction and gas based-DRI) can be
‘expected to cost 10-50% more than commercially available:
counterparts within a given regional context, noting this
cost increase significantly exceeds profit margins from
Steelmaking today.* The IEA analysis found that the cost of
producing hydrogen from renewable electricity could fal
30% by 2030 as a result of declining costs of renewables and
the scaling up of hydrogen production.!

Safetyissues

Like other energy carriers, hydrogen presents certain health
and safety risks when used on a large scale. As a liht gas of
small molecules, hydrogen requires special equipment and
procedures to handle it Hydrogen s so small it can diffuse
into some materials, including some types of ron and steel
pipes, and increase their chance of faiure. It also escapes
‘more easily through sealings and connectors than larger
‘molecules, such as natural gas.!

Hydrogen can also lead to embrittlement and cracking in
steel pipes and vessels. Austeniti stainless steels do not
suffer from hydrogen embrittlement.

Steelmakers are already developing and deploying Process
Safety Management systems to manage the risk associated
with loss of containment of hazardous materials, toxic or
flammable. Risk assessments and associated controls will
need to be updated to incorporate risks assoclated with
hydrogen use whenitis used.

June 2022 AP/AEIR)




image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

< University of Wales
Trinity Saint David

»




image2.png
Steel industry net-zero tracker

For primary steelmaking clean hydrogen-based DRI-EAF has emerged as the main decarbonization
pathway, whereas secondary steel needs to switch to clean power sources.




