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This document, your booklet, accounts for 50% (3 out of 6) of your overall score in ME-203 for the next 14 weeks. It is structured into the following four parts:

Part 1: Essential information - This section includes 8 key sections that will guide you throughout the next 14 weeks. It is crucial to read each section carefully and fulfill the requirements outlined, including signing and submitting the necessary documents as requested in section 1.8 by the specified deadline.

Part 2: The Case Study - This part provides context about the company, the product you will be managing, and the associated challenges and opportunities. The case was prepared by the course instructors as a basis for the student booklet and class discussions, rather than to demonstrate the effective or ineffective handling of a business situation.

Part 3: Assignments - There are nine assignments corresponding to each week of lectures and the course content. This section outlines the submission deadlines, questions, points allocated for each question, word limits, and a marking rubric to guide you on what distinguishes a good answer from a great one.













Part 1:
Essential Information 


Essential Information 
(Please read carefully)
1.1	Objectives
Throughout this course, you will assume the role of a “Sustainable Products and Supply Chain Analyst” with a specific focus on the product assigned to you. As each week of the lectures introduces new concepts and techniques, you will be expected to integrate these insights into your case study assignments, continually refining and enhancing your product and supply chain skills. This will help you to build research skills, and aid systemic thinking.
	
1.2	Responsibilities
Your group is responsible for sustainability management of the product detailed in Part 2 of this case study booklet. Your overarching goal will be to apply the course's knowledge to guide your product towards lower environmental and societal impact scenarios. Your primary responsibilities will include:
· Understanding and Applying Sustainability Concepts: You will be responsible for demonstrating key concepts in sustainability and applying them to your product and supply chain strategies. This includes evaluating the environmental, social, and economic impacts of your decisions and ensuring that sustainability principles are integrated into every aspect of your product’s lifecycle.
· Analyzing and Quantifying Impacts: A critical part of your role will involve analyzing and quantifying the impacts of your product and supply chain. You will assess the product carbon footprint, resource usage, and other environmental and societal impacts, utilizing tools and techniques learned in the course to provide measurable insights.
· Developing Decarbonization Strategies: You will propose and implement strategies to decarbonize your product and supply chain, aiming to minimize its environmental impact. This will involve identifying opportunities for reducing emissions, enhancing resource efficiency, and transitioning to sustainable materials and processes.
· Communicating Sustainable Initiatives: You will take the imaginary role in this project of a “Sustainability Analyst” working with the “Product & Supply Chain Manager”, you will also be responsible for effectively communicating your sustainable product and supply chain initiatives to stakeholders. This will be done in this assignment (and also in-class via video assignments - separate instructions will be provided). These communication materials need to clearly articulate the sustainability goals, strategies, and outcomes of your project together with challenges and hurdles.
These responsibilities are designed to ensure that you not only acquire but also practically apply the knowledge and skills necessary to lead in different roles related to sustainable products and supply chains.
1.3	Your tasks
This case study should encompass a holistic view of your product, based on the five lecture modules of the course given in the course book.  Your task is to explore design, material selection, manufacturing, and supply chains, operations, while considering end-of-life and circular strategies to achieve minimal environmental and societal impacts, taking a NetPositive approach (defined in the lectures). Please see the nine assignments (see Part 3: Assignments).

1.4	Case study structure and marking scheme
This booklet makes up 50% of your final grade (3 out of 6 points) over the next 16 weeks. It is based on a case study worth 100 points. The case study is divided into nine assignments that follow the lecture topics (see Table 1). Each assignment builds on the previous one, so putting effort into the early tasks will help you later. Completing the entire case study will take approximately 50 hours per team, which averages to around 10 hours per student over the semester. This estimate is based on testing with student assistants. To succeed, it's essential that every team member contributes meaningfully.

Table 1.	ME-203 case study structure and marking scheme
	Assignment
	Title
	Points

	1
	Product definition, competition, and impacts
	(5 pts.)

	2
	Proposal for lower impact competitive product
	(10 pts.)

	3
	Best carbon footprint materials
	(5 pts.)

	4
	Product impacts and ethics
	(5 pts.)

	5
	Change management and stakeholder engagement plan
	(10 pts.)

	6
	Sustainable design and circular business model canvas
	(10 pts.)

	7
	Quantification of impacts: LCA study
	(20 pts.)

	8
	Quantification of impacts: supply chain KPIs
	(20 pts.)

	9
	SMART sustainability initiatives: NetPositive
	(15 pts.)



1.5		Referencing
You are encouraged to reference papers, patents, company reports, press-releases, and other sources to justify your arguments and enhance your assignments. This includes figures, drawings, and tables. Please use the APA referencing format/style in your document (See References (apa.org). Please ensure you have reviewed EPFL guidelines on citation and copyright (see Citation and copyright ‒ Library ‐ EPFL). Cite all external sources – be it websites, videos, or other content. You are strongly encouraged through the marking rubric (see Section 1.7)  to perform further research and to use references to substantiate your answers and arguments and to be creative.

Note: There is a separate section for references at the end of each week’s assignment. The word count for referencing is not included in your assignment word count. However, in-text numbered referencing or citations are included in your assignment word count. You are encouraged to use diagrams and figures, which are excluded from the word count but must be referenced. 

1.6		Use of AI
You are encouraged to use AI tools to support your research, but you must disclose and document their use. Any AI assistance (e.g.,  grammar, copy-editing, …) should be cited in the reference section of your assignment (refer to the guide for using and citing AI: https://sites.google.com/view/policy-on-ai?usp=sharing). Clearly list the AI tools used, include links to your prompts. Remember, you are responsible for verifying sources and ensuring the accuracy of your work.

1.7		Marking rubric and grading
The marking rubric aids transparency and also provides suggestions as how to approach the questions and maximize your grades. The rubric for assignment 1 is generic as below in Table 2, however from week 2 the marking rubric is customized for each assignment and gives direction on what is expected in your response. This will help maximize your grades. The grade obtained from this group exercise is the same for all students in the group. It is important not to exceed the given word limits and this is reflected in the marking rubric. 


                                                            
Table 2. Generic marking rubric
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	Will be specified in each assignment of the case study
	No attempt
	A poor attempt is made to answer each of the five questions. 
OR
One question is not addressed
OR 
The answers are unclear, or lack detail 
OR 
No references.
OR
Poorly written response and word count is not respected by 75% or more
	The answers address each of the five questions with limited justifications
OR
Referenced data not relevant, 
OR 
Adequately written response and word count is not respected by 50% or more
	The answers address each of the five questions giving evidence-based justifications
AND
Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
	The answers provide a good description of the five questions giving evidence-based justifications
AND
Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND 
An excellent response and word count is respected by <10%
	The answers provide an excellent discussion of the five questions giving evidence-based justifications
AND
Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND
Tables / charts included 
AND 
Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to.

	Points
	0
	1
	2
	3
	4
	5


Note: the rubric customized for each question, pay attention to the details which are suggestions to achieve the best results

1.6		Respect and agreement
We encourage you to engage in individual research and writing as part of your group case study. To ensure the best learning experience for you and your team members, please respect the following declaration:
· Responsibility: We take full responsibility for our work and will not allow or assist anyone in copying it with the intent of submitting it as their own. We affirm that this assignment is entirely our original work.
· Plagiarism: Plagiarism, defined as using another person’s work and claiming it as your own, is strictly prohibited under EPFL guidelines and societal norms. We recognize that copying someone else’s case study assignment (or any part of it) is unacceptable. To ensure fairness and uphold academic integrity, your ongoing group project may be reviewed using plagiarism detection software. Any instances of plagiarism will be investigated and penalized according to departmental discretion under EPFL rules.
You are expected to ensure equitable distribution of work among team members, both in quality and quantity. Maintain an open mind, respect others' opinions, and work collaboratively toward a data-driven consensus. Your submission should reflect industry-standard professionalism, similar to a report that you will present in the future to senior management. Be concise and direct.

1.7	Submission
Submit all assignments/case studies on Moodle by the deadline. Write all your answers in this document, typing them only in the boxes provided. Ensure that all required files (MS Word ONLY) and any supplementary materials are uploaded. The deadline is 10:00 AM on Thursday of the submission week, as outlined on Moodle. Timely submission is crucial as late submissions incur penalties determined by the teaching team.

1.8	Signatures
By signing and uploading this booklet on Moodle, you confirm that you have carefully read and understood the case study instructions and materials. Please follow these steps:
1. Enter Group Details:
· List the names of all group members in Table 3.
· Assign a group representative and indicate their name in Table 3.
2. Save Your File Correctly:
· Use the following format:
                              FirstName-LastName-Industry-CompanyName-2025
· Example: Claire-Peters-SmartPhone-Apple-2025.docx
3. Upload the File:
· Only the group representative submits to the designated space on Moodle.
4. Submission Deadline:
· Thursday, March 6th, 2025, by 10:00 AM.
Ensure all steps are completed accurately to avoid any issues with your submission.
                                                                 Table 3. Names and signatures
	Name & Family name
	EPFL cipher
	Assign one person as the group representative and mark their name below.

	1. 
	
	

	2. 
	
	

	3. 
	
	

	4.
	
	

	5.
	
	



Note: Ensure that your name matches your EPFL student profile. Deadline to upload your fully signed case study is by 10:00 AM on Thursday of lecture week 3, 6th March 2025. Please fill in the names of all the group members so that you receive the grade for the work performed.













Part 2:
Case Study


Note 1:  This case was prepared by the course instructors to serve as a basis for a case study booklet and class discussion, focusing on an industry or business situation, rather than to demonstrate the effective or ineffective handling of it.


Note 2: This section is designed to provide an industry overview. Numerous companies are active in this field, and the teaching team will assign you and your group to a company. Your group will focus on one product family and its associated product groups.



Case 2: Drones for medical package delivery 
Case and product group assignment: In this case study, you will be assigned one product family, focusing on drones for medical package delivery, with two product groups: Case 2A Drone structure, and Case 2B Drone propulsion systems. The teaching team will assign your group in Moodle to work on either the drone structure (case-2A), which is made from metals, polymers and carbon fiber composites, or the drone propulsion including brushless motors, batteries, sensors, and electronics (case-2B). You do not work on both. A fictitious company, “FlyBox”, is used as the case description representative of leading players in the industry. You will be assigned a real company.Case 2A: Drone structure
Case 2B: Drone propulsion

Figure 1: A.I. generated drone image: Case 2A Drone frame, and Case 2B Drone propulsion
2.1 	About “FlyBox”: FlyBox Corporation, founded in 2015 by three EPFL engineers, is headquartered in Payerne, Switzerland. As of 2023, FlyBox recorded global sales of over 10’000 drones, from wind turbine inspection, thermal plant monitoring, detailed forestry and agriculture mapping, to most recently medical package delivery drones. These are used in conflict zones, difficult to access terrain, and refugee camps. It also uses A.I. approaches for data fusion from multiple sensor technologies to give semi-autonomous control in difficult and cluttered environments. The company is experiencing significant demand for its products and needs to scale manufacturing volumes for the medical delivery drone from 500 units per year to 5’000 units per year by 2028. FlyBox has established a strong presence in the market with three assembly plants including Payerne Switzerland, Long Beach California, and Shanghai China. FlyBox's commitment to drone technology has evolved from a small start-up to a mid-sized SME and its recent strategic focus, motivated by the Swiss climate act, on sustainability within its product offerings​. FlyBox has extensive experience in additive manufacturing and advanced polymers and carbon fiber composites and partners with leading suppliers in the field. It also has collaborations with multiple suppliers of advanced brushless motors, flight control systems and sensor packs, and batteries. 
2.2	Competitors: Competition in the drone industry is intense, driven by rapid technological advancements, shifting consumer preferences, and stringent regulatory requirements. Drone manufacturers like DJI, Flyability, Flobotix, RigiTech, amongst others, are increasingly focusing on commercial drones that are forecast to grow, accordingly to Boston Consulting Group, to more than 1 million units in the EU and USA by 2050 with $50 billion revenue per year in product and service returns. More than 80% of commercial drones are made by Chinese companies and the commercial pressure, low-cost base, and rapid rate of innovation creates significant challenges for new entrants. Outside of the consumer space, strong demand is seen for higher payload and semi-autonomous drones in Swiss class A3 (<25kg), which are needed for their increased payload, and CE certified for flight across populated areas.
There is an urgent need for drone companies to transition beyond supplying innovative products towards product-focused sustainability and becoming NetPositive enterprises, addressing broader environmental, social, and governance (ESG) factors. Companies with higher ESG ratings, which prioritize long-term investments and stakeholder-driven strategies[footnoteRef:1], have outperformed their quarterly shareholder-driven competitors, particularly during challenging periods like the COVID-19 pandemic. Such companies not only deliver superior products with lower environmental impacts but also attract top talent and increasingly conscientious consumers. In this competitive landscape, achieving and maintaining high ESG standards is as crucial to long-term success as the engineering of drones. [1:  NP_deck_v5.pdf] 

2.3	Sustainability mandate in the drone industry: As the scale of drone manufacture increases, manufacturers will be under increasing pressure to transform their products and business models to align with the global sustainability mandate. This shift is driven by the need to reduce carbon emissions, comply with stricter environmental regulations, and meet the growing professional drone user demand for eco-friendly drone solutions. Drones use both critical materials for motors and batteries and electronics and also carbon fiber which is a hard to abate Petro-chemical based energy intensive material with low degrees of circularity and recovery. Lower emission materials are now emerging. The push towards a sustainable drone industry is not just a regulatory requirement but also a strategic necessity as drone-makers strive to remain competitive in an industry rapidly moving towards a low-carbon future.
2.4	Challenges and risks ahead: The significantly increased use of drones creates substantial challenges and risks for the associated supply chains. Expansion of drone build rates in compressed time frames is an engineering and global logistical supply chain challenge. Aerospace quality is needed at automotive build rates while avoiding expensive tooling due to the rapid evolution of part designs. This shift also impacts the skills required and employment patterns within the aerospace industry. Supply chains are increasingly vulnerable to geopolitical disruptions and climate risks, requiring original equipment manufacturers (OEMs) to establish robust, multi-sourced supply chains with high reliability and low waste rates. Reverse logistics supply chains, potentially using low-energy block chain, could help drive recovery and recycling and maximize value retention.
The pressure on companies like FlyBox, who aim for higher manufacturing volumes, is significant as they must overhaul internal operations and supply chains to embrace circular and regenerative NetPositive business models. These changes are necessary to reduce environmental impacts across all stages of the drone life cycle, from manufacturing to end-of-life recycling and reuse, while meeting stakeholder-driven corporate social responsibility goals. The rapid pace of change from concept design to manufacturing and supply chains in the drone industry offers opportunities for engineering innovation and financial investment, enabling companies to deliver compelling products and capture market share. However, this transformation also requires addressing complex political, economic, environmental, and societal issues, especially when comparing the traditional linear supply chain to circular models. The materials used, their sources, emissions, and end-of-life recycling challenges must be tackled to ensure a sustainable transition as drone usage increases.
2.5	Challenges specific to material and supply chain: FlyBox faces significant challenges in the battery module and motor supply chain, particularly related to the sourcing and sustainability of critical materials like lithium, cobalt, nickel, rare earth magnets, and hard to abate materials such as aluminum, engineering polymers and carbon fiber. These materials, which include those identified in the EU Critical Raw Materials Act, are essential for drone battery and drive modules but pose environmental and societal risks due to their extraction (mining) and processing impacts. The use of these materials affects planetary boundaries, for example the novel entities boundary, and health risks that differ from traditional aerospace products. To mitigate these challenges, FlyBox must establish robust, sustainable supply chains that prioritize minimal environmental impact and address societal concerns, including employment shifts. This will require specific, measurable, attainable, relevant, and time-bound (SMART) initiatives, substantial financial investments, and strong supply chain partnerships. Additionally, FlyBox must navigate the demands of EU legislation driving improved circular design and increased use of recycled critical materials, which necessitates a transformation in recovery and recycling practices across the industry. These efforts are critical as FlyBox seeks to maintain competitiveness while contributing to a sustainable future in personal mobility.
2.6 	Opportunity for sustainability initiatives: A key challenge for the drone industry is how to transition products and operations in a compressed time frame to stakeholder-focused circular and regenerative business models. This shift demands a holistic approach, integrating management, finance, HR, design, materials selection, and manufacturing processes, all while considering life cycle impacts across the supply chain. Notably, McKinsey estimates that 80% of a product's emissions are determined during the design and manufacturing stages, underscoring the need for circular strategies throughout the engineering cycle. 
This case study represents the sustainability challenges affecting small and medium enterprises (SMEs) which differ from those in larger companies and global corporations. You will be assigned a company to geo-locate the associated supply chain, however where lacking data, please approach this with a degree of flexibility to represent the industry as a whole. The companies for Case 2A Drone structure, and Case 2B Drone propulsion systems are: 1) Rigitech, 2) Ehang, 3) Wing, 4) Matternet, 5) Skydio, 6) Elroyair, 7) Manna, 8) Dronamics, 9) Swoopaero, 10) EmQopter. You will be assigned case 2A or case 2B and then one of the above companies.
2.7	Examples of drone structures and avionics

Figure 1: RigiTech Eiger, long range delivery drone       	    Figure 2: NHS delivery drone
Figure 3: Maxon ECX 42 flat UAV / propeller 24x8.1’’/ UAV-ESC 52/30
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Part 3: 
Assignments

There are nine assignments corresponding to the progress of lectures and the course content. This section provides the submission deadlines, questions, points allocated for each question, word limits, and a marking rubric to guide you on what distinguishes a good answer from a great one.


	Assignment
	Title
	Points
	Deadline

	1
	Product group challenges and company impacts
	(5 pts.)
	Week 3, March 6th, 2025, by 10:00 AM

	2
	Your proposal for a lower impact competitive product
	(10 pts.)
	Week 4, March 13th, 2025, by 10:00 AM

	3
	Best carbon footprint materials
	(5 pts.)
	Week 5, March 20th, 2025, by 10:00 AM

	4
	Product impacts and ethics
	(5 pts.)
	Week 6, March 27th, 2025, by 10:00 AM

	5
	Change management and stakeholder engagement plan
	(10 pts.)
	Week 7, April 3rd, 2025, by 10:00 AM

	6
	Sustainable design and circular business model canvas
	(10 pts.)
	Week 8, 10th April 2025, by 10:00 AM

	7
	Quantification of impacts: LCA study
	(20 pts.)
	Week 11, May 1st, 2025, by 10:00 AM

	8
	Quantification of impacts: supply chain KPIs
	(20 pts.)
	Week 12, May 8th, 2025, 10:00 AM

	9
	Sustainability change proposal
	(15 pts.)
	Week 13, May 15th, 2025, 10:00 AM



Assignment 1: Product group challenges and company impacts
(Submission lecture week 3, 6th March 2025 by 10:00am, 5 points)

	No.
	Question
	Points

	[bookmark: _Hlk184205474]1
	You are assigned to a company and a product group: define the current and future challenges of your product group. 
	(1 pt.)

	2
	Compare and contrast current sustainability / decarbonization strategies of your product group and where possible specific company.
	(1.5 pt.)

	3
	State main environmental and societal impacts of your product group and where possible specific company (including Societal, Development Goals (SDGs) and Planetary Boundaries (PBs)).
	(1.5 pt.)

	4
	State effects on human health.
	(1 pt.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.
Maximum word count = 600 (Charts/graphs are excluded from word count)






Please give your word count here: _____
Add references for the above questions together in the box below: (no word limit, excluded from above word count)








Assignment 1: Marking rubric (Product definition, competition, and impacts) 

	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	· Define company and product
· Describe sector, list main companies, and competitors 
· Compare and contrast current sustainability / decarbonization strategies of sector 
· State main environment and societal impacts of company including SDGs and PBs
· State effects on human health 

	No attempt
	A poor attempt is made to answer each of the five questions. 
OR
One question is not addressed
OR 
The answers are unclear, or lack detail 
OR 
No references.
OR
Poorly written response and word count is not respected by 75% or more
	The answers address each of the five questions with limited justifications
OR
No referenced data, 
OR 
Adequately written response and word count is not respected by 50% or more
	The answers address each of the five questions giving evidence-based justifications
AND
Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
	The answers provide a good description of the five questions giving evidence-based justifications
AND
Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND 
An excellent response and word count is respected by <10%
	The answers provide an excellent discussion of the five questions giving evidence-based justifications
AND
Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND
Tables / charts included 
AND 
Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to.

	Points
	0
	1
	2
	3
	4
	5




Assignment 2: Your proposal for a lower impact competitive product 
(Submission lecture week 4, March 13th, 2025, by 10:00 AM, 10 points)


	No.
	Question
	Points

	[bookmark: _Hlk184205521]1
	Describe the existing product (functional unit) and the bill of materials and linear supply chain and where possible specific company.
	(2 pts.)

	2
	Propose a competitive product offering a circular and lower impact approach, enabled by emerging materials/technology/supply chain[footnoteRef:2] . [2:  e.g., lowest grade: your proposed incremental upgrade of the current product (materials used and supply chain); highest grade: your proposed design of a new and innovative solution	] 

	(2 pts.)

	3
	For your competitive product, present a simple design to give the ‘bill of materials’ (to compare with the existing product) (BOM) (from level 0 to level 4), masses, and manufacturing processes [this will be used throughout the case study] 
(extra 2 pts. for optional CAD model).
	(6 pts.)
+ (2pts.)


Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.

1) Word count = 300 (Charts/graphs are excluded from word count)






Please give your word count here: _____

2) Word count = 300 (Charts/graphs are excluded from word count)






Please give your word count here: _____

3) Word count = 600 (Charts/graphs are excluded from word count)












Please give your word count here: _____



Add references in the box below: (no word limit, excluded from above word count)










Assignment 2: Marking rubric (Proposal for lower impact competitive product)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	Existing product and supply chain minimally described
(0.25pts)
	Generic description of existing product and supply chain 
(0.5pts)
	Good description of existing product and supply chain
(1pt)
	Clear and nuanced existing product and supply chain description with referenced sources (1.5pts)
	Company specific product and existing supply chain described with referenced sources and flow diagrams (2pts)

	2)
	No attempt
	Competitive product proposed with limited justification of value proposition or advantages
(0.25pts)
	Competitive product proposed with some justification of value proposition or advantages
(0.5pts)
	Competitive product proposed with well-argued multi-perspective justification of value proposition or advantages (1pt)
	Competitive product proposed with well-argued technical, environmental, societal justification of value proposition or advantages (1.5pts)
	Competitive product proposed with exemplary technical, environmental, societal justification of value proposition or advantages and impacts (2pts)

	3)
	No attempt
	Competitive product proposed but lacking two or more of the required details (1pts)
	Incremental competitive product proposed but lacking one of the required details (2pts)
	Good competitive product proposal with design, high level BOM, masses and manufacturing processes (3pt)
	Excellent competitive product proposal with design, BOM for key materials, masses and manufacturing processes (3.5pts)
	New and innovative competitive product solution/design, detailed BOM, masses and manufacturing processes, diagrams (4pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR 
No references.
OR
Poorly written response and word count is not respected by 75% or more
(0.5pts)
	No referenced data, 
OR 
Adequately written response and word count is not respected by 50% or more
(1 pt)
	Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
(1pts)
	Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND 
An excellent response and word count is respected by <10%
(1.5pts)
	Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND
Tables / charts included 
AND 
Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to
(2pts)

	Points
	0
	2
	4
	6
	8
	10


Assignment 3: Best carbon footprint materials
(Submission lecture week 5, 20th March 2025, by 10:00am, 5 points)

	No.
	Question
	Points

	1
	List the top 5 current materials used in the existing product (by anticipated carbon footprint kgCO2e/kg x kg used) and the materials carbon footprint (kg CO2e/kg).
	(1 pt.)

	2
	Propose best carbon footprint materials for the competitive product offering a circular and lower impact approach.
	(2 pts.)

	3
	Examine the EU end-of-life and waste legislation and give two routes to meet circularity and recycling targets at end-of-life with re-use of recovered materials (scope 3 downstream).
	(2 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.

1) Word count = 400 (Charts/graphs are excluded from word count)








Please give your word count here: _____

2) Word count = 400 (Charts/graphs are excluded from word count)






Please give your word count here: _____
3) Word count = 600 (Charts/graphs are excluded from word count)






Please give your word count here: _____

Add references in the box below: (no word limit, excluded from above word count)










Assignment 3: Marking rubric (Best carbon footprint materials)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	Materials minimally described
(0.15pts)
	Materials minimally described with poor description of carbon footprints
(0.3pts)
	Materials well described with good description of carbon footprints
(0.45pts)
	Clear and nuanced description of current materials and their carbon footprints with referenced sources (0.6pts)
	Company and product specific materials description with referenced sources and flow diagrams with carbon footprints attributed to supply chain (0.8pts)

	2)
	No attempt
	Alternative materials proposed with limited justification of advantages or issues
(0.3pts)
	Lower carbon footprint materials proposed with limited justification of advantages or issues (0.6pts)
	Lower carbon footprint materials proposed with well-argued and multi-perspective discussion of advantages and issues (0.9pts)
	Lower carbon footprint materials proposed with well-argued technical, environmental, societal perspectives of advantages and  issues (1.3pts)
	Lower carbon footprint materials proposed with quantified technical, environmental, societal perspectives of advantages and issues (1.6pts)

	3)
	No attempt
	Limited description of EL treatment, CE not addressed
(0.3pts)
	Limited description of EL treatment, CE scenario poorly described
(0.6pts)
	Good description of EL treatment, two CE scenarios and transition well described (0.9pts)
	Excellent description of EL treatment, clear and nuanced description of two CE scenarios and transition with associated challenges (1.3pts)
	Excellent description of EL treatment, quantified descriptions of two CE scenarios, legislation, and transition with associated challenges (1.6pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR No references.
OR Poorly written response and word count is not respected by 75% or more
(0.25pts)
	No referenced data, 
OR 
Adequately written response and word count is not respected by 50% or more
(0.5pts)
	Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
(0.75pts)
	Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND 
An excellent response and word count is respected by <10%
(0.8pts)
	Quantitative referenced data (>10 refs), 
AND Showing a high level of systemic reasoning
AND Tables / charts included 
AND  Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to (1pts)

	Points
	0
	1
	2
	3
	4
	5




Assignment 4: Product impacts and ethics
(Submission lecture week 6, 27th March 2025, by 10:00am, 5 points)

	No.
	Question
	Points

	1
	Give two impacts each of the product and supply chain on the: environment and human health (so beyond the carbon footprint alone).
	(1 pt.)

	2
	What are the main societal and ethical issues around production, consumption, and disposal of this product?
	(2 pts.)

	3
	State three key stakeholder impacts (environmental, human health, societal and ethical) and how to mitigate these across the supply chain.
	(2 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.
1) Word count = 400 (Charts/graphs are excluded from word count)








Please give your word count here: _____

2) Word count = 600 (Charts/graphs are excluded from word count)






Please give your word count here: _____

3) Word count = 600 (Charts/graphs are excluded from word count)






Please give your word count here: _____
Add references in the box below: (no word limit, excluded from above word count)










Assignment 4: Marking rubric (Product impacts and ethics)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	Impacts minimally described
(0.15pts)
	Limited description of environmental and human health impacts
(0.3pts)
	Good description of two environmental and two human health impacts
(0.45pts)
	Clear and nuanced description of two environmental and two human health impacts with referenced sources (0.6pts)
	Company specific description of two environmental and two human health impacts with referenced sources, quantified arguments (0.8pts)

	2)
	No attempt
	Ethical issues around consumption production and disposal poorly described
(0.3pts)
	Three ethical issues given for each of consumption production and disposal 
(0.6pts)
	Three ethical issues given with a systemic perspective for each of consumption production and disposal 
(0.9pts)
	Four ethical issues given with a systemic perspective for each of consumption production and disposal  (1.3pts)
	Exemplary discussion of four ethical issues given with a systemic data driven perspective for each of consumption production and disposal  (1.6pts)

	3)
	No attempt
	Main stakeholder impacts and mitigation approach poorly described
(0.3pts)
	Limited description of main stakeholder impacts and mitigation approach
(0.6pts)
	Three main stakeholder impacts clearly defined and mitigation approach given for each
(0.9pts)
	Three main stakeholder impacts quantified, including describing the impacts on the global north and global south, and giving the mitigation approach for each region, with supporting data (1.3pts)
	Three main stakeholder impacts quantified for example countries from the global north and global south, giving the mitigation approach for each country, with examples of sustainability initiatives from industry, and NGO perspectives for each, with supporting data (1.6pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR  No references.
OR Poorly written response and word count is not respected by 75% or more
(0.25pts)
	No referenced data, 
OR  Adequately written response and word count is not respected by 50% or more
(0.5pts)
	Limited quantitative referenced data (5 refs), 
OR A clear response and word count is respected by <25%
(0.75pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND  An excellent response and word count is respected by <10%
(0.8pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND Tables / charts included 
AND Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to
(1pts)

	Points
	0
	1
	2
	3
	4
	5


Assignment 5: Change management and stakeholder engagement plan
(Submission lecture week 7, 3rd April 2025, by 10:00am, 10 points)

	No.
	Question
	Points

	1
	How can this manufacturer transition to become a NetPositive product/company (give 3 examples)?
	(2.5 pts.)

	2
	State and justify your three most prominent change management challenges or barriers and for each example, discuss how will you overcome these three barriers?
	(2.5 pts.)

	3
	Who are the key stakeholders to engage[footnoteRef:3]? Identify three to five key people in business / influential institutions / government / NGOs and make a table giving: their name, company, title, and influence; (check Linked-in) [3:  Stakeholder engagement is the process by which an organization involves people who may be affected by the decisions it makes or can influence the implementation of its decisions. They may support or oppose the decisions, be influential in the organization or within the community in which it operates, hold relevant official positions or be affected in the long term.] 

	(2.5 pts.)

	4
	Define your stakeholder engagement plan; make a table showing: how you would contact them, how to interact, what the win-win could be, and relational barriers/opportunities. How could you gain more support?
	(2.5 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.
1) Word count = 400 (Charts/graphs are excluded from word count)




Please give your word count here: _____
2) Word count = 400 (Charts/graphs are excluded from word count)






Please give your word count here: _____

3) Table (Word count maximum = 100), (charts/graphs are excluded from word count)






Please give your word count here: _____


4) Table (Word count maximum = 100), (charts/graphs are excluded from word count)






Please give your word count here: _____

Add references in the box below: (no word limit, excluded from above word count)






Assignment 5: Marking rubric (Change management and stakeholder engagement plan)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	The three examples given are generic and vague (0.4pts)
	Examples given with an understanding of a NetPositive framework  (0.8pts)
	Good examples given, applicable to industrial sector, with an understanding of a NetPositive framework (1.2pt)
	Detailed data driven examples with excellent understanding of a NetPositive framework with referenced sources (1.6pts)
	Company specific detailed examples with nuanced understanding of a NetPositive framework with referenced sources (2pts)

	2)
	No attempt
	Three barriers and three approaches to overcome these are generic and vague (0.4pts)
	Three barriers and three approaches to overcome these given with limited reasoning or clarity (0.8pts)
	Three barriers and three approaches to overcome these given with supporting data  (1.2pt)
	Three barriers and three approaches to overcome these given including the supply chain and wider stakeholders and supported by data  (1.6pts)
	Three barriers and three approaches to overcome these given from a systemic perspective including the supply chain and wider stakeholders with highly focused reasoning and supported by data (2pts)

	3)
	No attempt
	Three key stakeholders identified lacking requested details (0.4pts)
	Three to five key stakeholders identified with table of details (0.8pts)
	Five key stakeholders inside and outside company identified with table of details (1.2pt)
	Five key stakeholders identified across supply chain and society with table of details with LinkedIn profiles  (1.6pts)
	Five key stakeholders identified within company / suppliers / wider society with table of details with LinkedIn profiles (2pts)

	4)
	
	Stakeholder engagement plan defined for above stakeholders lacking details (0.4pts)
	Stakeholder engagement plan defined for above stakeholders with limited details (0.8pts)
	Convincing stakeholder engagement plan defined for above stakeholders with details given  (1.2pts)
	Convincing stakeholder engagement plan defined for above stakeholders with data driven details given  (1.6pts)
	Company specific stakeholder engagement plan defined for above stakeholders with data driven details given  (2pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR  No references.
OR Poorly written response and word count is not respected by 75% or more (0.4pts)
	No referenced data, 
OR  Adequately written response and word count is not respected by 50% or more (0.8 pt)
	Limited quantitative referenced data (5 refs), 
OR A clear response and word count is respected by <25% (1.2pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND  An excellent response and word count is respected by <10% (1.6pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND Tables / charts included 
AND  Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to (2pts)

	Points
	0
	2
	4
	6
	8
	10 


Assignment 6: Sustainable design and circular business model canvas
(Submission lecture week 8, 10th April 2025, by 10:00am, 10 points)

	No.
	Question
	Points

	1
	Use sustainable design guide, read slides 3 to 6, apply to your product: 
i) make a systems map[footnoteRef:4], 
ii) give three circular opportunities, 
iii) identify one question for systems change, 
iv) describe and visualize the “Value Adding Network” (VAN) of your company including material flow and information flow (use schematic provided in slides) 
Learning journey - circular design - Google Slides [4:  e.g., using Microsoft Visio, by hand, other software] 

	(5 pts.)

	2
	Complete the circular Business model template for your product and company and paste a screen shot into this document. 
How would you define your supply chain—linear, circular, or in transition? Provide evidence to support your evaluation.
Circular design guide - Business Model Canvas | Shared by Digital (thirdlight.com)
	(5 pts.)


Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.

1) Word count = 600 (Charts/graphs are excluded from word count)






Please give your word count here: _____
2) Screen shot of completed circular Business model template and evaluation, no word count






Please give your word count here: _____
Add references in the box below: (no word limit, excluded from above word count)








Assignment 6: Marking rubric (Sustainable design and circular business model canvas)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	3 circular opportunities identified
Generic VAN description with limited material/information flow details
(0.8pts)
	Systems map made with 3 circular opportunities 
Basic visualization and description of material and information flows
(2.1pts)
	Systems map made with 3 circular opportunities and one question identified for systems change
Well-defined VAN with schematic diagrams and referenced sources
(2.5pt)
	Detailed data driven systems map made with 3 circular opportunities and one question identified for systems change
Comprehensive VAN including key stakeholders and supply chain touchpoints
(3.25pts)
	Company specific systems map made with 3 circular opportunities and one question identified for systems change with referenced sources 
In-depth VAN with quantitative data, well-structured diagrams, and critical analysis
(4pts)

	2)
	No attempt
	Template over 60% complete, 
Minimal evaluation with no supporting evidence (0.8pts)
	Template over 80% complete but lacking detail and quality or clear arguments
Basic evaluation with some supporting data but lacks clarity
(2.1pts)
	Template complete, compelling story with detail and strong argumentation
Clear evaluation with referenced evidence and logical reasoning
(2.5pt)
	Template complete, data driven and compelling story with detail and strong argumentation
Strong evidence-based evaluation with supporting diagrams and industry context
(3.25pts)
	Template complete, systemic view of circularity across supply chain given with supporting data to produce a compelling story with detail and strong argumentation
Thorough analysis with quantitative evidence, insightful recommendations, and systemic reasoning
(4pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR No references.
OR
Poorly written response and word count is not respected by 75% or more
(0.4pts)
	No referenced data, 
OR
Adequately written response and word count is not respected by 50% or more
(0.8pts)
	Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
(1pts)
	Quantitative referenced data (>10 refs), 
AND Showing a high level of systemic reasoning
AND An excellent response and word count is respected by <10%
(1.5pts)
	Quantitative referenced data (>10 refs), 
AND Showing a high level of systemic reasoning
AND Tables / charts included 
AND Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to
(2pts)

	Points
	0
	2
	4
	6
	8
	10 


Assignment 7: Quantification of impacts: Life cycle analysis 
(Submission lecture week 11, 1st May 2025, by 10:00am, 20 points)

	No.
	Question
	Points

	1
	Perform a simple LCA on your product, the functional unit is the existing incumbent product versus your competitive lower impact product alternative, using SimaPro and Ecoinvent: focus on the top 3 dominating materials in your existing and competitive product
	(15 pts.)

	2
	Map LCA impacts to planetary boundaries[footnoteRef:5] and SDGs focusing on society and human health [5:  Defined in lectures] 

	(5 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected. It is recommended to work on Assignment 7 and Assignment 8 activities in parallel.

Details of how to access SimaPro and the on-line tutorial will be provided on Moodle. The software is only for use in this specific course and may not be used for any other purpose.

1) Word count = 1000 (Charts/graphs are excluded from word count)







Please give your word count here: _____
2) Word count = 400 (Charts/graphs are excluded from word count)






Please give your word count here: _____


Add references in the box below: (no word limit, excluded from above word count)










Assignment 7: Marking rubric (Quantification of impacts: LCA)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	Simple product cradle to gate LCA (product carbon footprint), GWP100 method, made on existing linear incumbent 
(3pts)
	Simple product cradle to gate LCA (product carbon footprint) GWP100 method, made on i) existing linear incumbent and ii) lower impact competitive alternative
(5.5pts)
	Simple product cradle to gate LCA (product carbon footprint) GWP100 method, made on i) existing linear incumbent and ii) a convincing lower impact competitive alternative 
(8pts)
	Simple product cradle to gate LCA multiple impact categories Recipe 2016 method, made on i) existing linear incumbent and ii) a convincing lower impact competitive alternative
(10pts)
	Simple product cradle to grave LCA multiple impact categories Recipe 2016 method, made on made of i) existing linear incumbent and ii) a convincing lower impact competitive alternative, with sensitivity study (+2pts)
(10pts) + 2pts

	2)
	No attempt
	LCA impacts mapped to planetary boundaries and SDGs for linear incumbent
(1pt)
	LCA impacts mapped to planetary boundaries and SDGs for linear incumbent and lower impact  alternative 
(1.5pts)
	LCA impacts mapped to planetary boundaries and SDGs for linear incumbent and lower impact  alternative, with details 
(2pts)
	LCA impacts mapped to planetary boundaries and SDGs with discussion as how circular approaches across the sector can reduce these and their impacts on society and human health 
(3pts)
	LCA impacts mapped to planetary boundaries and SDGs with discussion as how circular approaches across the sector can reduce these and their impacts on society and human health  with supporting diagrams and charts (4pts)

	General
	No attempt
	The answers are unclear, or lack detail 
OR  No references.
OR Poorly written response and word count is not respected by 75% or more
(1pt)
	No referenced data, 
OR  Adequately written response and word count is not respected by 50% or more
(2pts)
	Limited quantitative referenced data (5 refs), 
OR A clear response and word count is respected by <25%
(3pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND  An excellent response and word count is respected by <10%
(4pts)
	Quantitative referenced data (>10 refs), 
AND  Showing a high level of systemic reasoning
AND Tables / charts included 
AND  Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to (6pts)

	Points
	0
	5
	9
	13
	17
	20 (+2)



Assignment 8: Quantification of impacts on supply chain
(Submission lecture week 12, 8th May 2025, by 10:00am, 20 points)

	No.
	Question
	Points

	1
	Which supply chain Key Performance Indicators (KPIs) are impacted by your proposed product, and how can they be improved?
	(10 pts.)

	2
	What are the expected outcomes on the KPIs and potentially on the supply chain?
	(10 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected. It is recommended to work on Assignment 7 and Assignment 8 activities in parallel.

Access details for AnyLogistix and the online tutorial will be available on Moodle.

1) Word count = 400 (Charts/graphs are excluded from word count)







Please give your word count here: _____
2) Word count = 400 (Charts/graphs are excluded from word count)






Please give your word count here: _____
Add references in the box below: (no word limit, excluded from above word count)








Assignment 8: Marking rubric (Quantification of impacts on supply chain)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	Limited KPIs (2-3) define and used for supply chain
(1.5pts)
	KPIs list (more than 3) defined and used for supply chain
(3pts)
	KPIs list (more than 5) defined and used for supply chain – Limited improvement points suggested. 
(4.5pts)
	KPIs list (more than 5) defined and used for supply chain –improvement points well addressed. Value adding network is illustrated using AnyLogistix. 
(6pts)
	KPIs list (more than 5) defined and used for supply chain –improvement points perfectly addressed, value adding network is perfectly illustrated and simulated using AnyLogistix. 
(7pts)

	2)
	No attempt
	Limited outcomes listed, vaguely.  
(1.5pts)
	Potential outcomes are listed but without estimated return (monetary, % of improvement, …) 
(3pts)
	Potential outcomes are listed but with estimated return (monetary, % of improvement, …) 
(4.5pts)
	Potential outcomes are listed along with estimated returns (monetary, percentage improvement, etc.), with comparisons between before and after scenarios clearly addressed, not illustrated (6pts)
	Potential outcomes are listed along with estimated returns (monetary, percentage improvement, etc.), with comparisons between before and after scenarios clearly addressed and illustrated and simulated using AnyLogistix. (7pts)
Extra 2pts for exemplary illustrations.

	General
	No attempt
	The answers are unclear, or lack detail 
OR 
No references.
OR
Poorly written response and word count is not respected by 75% or more
(1pts)
	No referenced data, 
OR 
Adequately written response and word count is not respected by 50% or more
(2pts)
	Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
(3pts)
	Quantitative referenced data (>10 refs),  AND 
Showing a high level of systemic reasoning AND 
An excellent response and word count is respected by <10%
(4pts)
	Quantitative referenced data (>10 refs), AND 
Showing a high level of systemic reasoning AND
Tables / charts included  AND 
Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to
(6pts)

	Points
	0
	4
	8
	12
	16
	20 (+2)



Assignment 9: Sustainability change proposal
(Submission lecture week 13, May 15th, 2025, 10:00am, 15 points)


	No.
	Question
	Points

	1
	Give a minimum of three SMART[footnoteRef:6]  sustainability initiatives for the product /company towards becoming NetPositive  [6:  SMART is defined as: Specific, Measurable, Attainable, Relevant, Time-oriented] 

	(7.5 pts.)

	2
	Give quantified absolute[footnoteRef:7] targets and recommendations versus time: 2030, 2040, 2050 and make a roadmap [7:  An absolute target is a specific number (e.g., 2000m2 of PV installed by 2026 in Szeged, Hungary assembly plant) whereas a relative target is a percentage change (e.g., 30% of power generated from PV in 2030)] 

	(7.5 pts.)



Please read the marking rubric to help maximize your grades as this gives guidelines as to what is expected.

1) Word count = 800 (Charts/graphs are excluded from word count)






















































Please give your word count here: _____
2) Word count = 400 characters excl. spaces (Charts/graphs are excluded from word count)























































Please give your word count here: _____

Add references in the box below: (no word limit, excluded from above word count)










Assignment 9: Marking rubric (SMART sustainability initiatives: NetPositive)
	Question
	Fail
	Pass
	Limited
	Satisfactory
	Excellent
	Exemplary

	1)
	No attempt
	2 SMART initiatives given but lacking in one or more areas of the SMART definition
(1.4pts)
	2 SMART initiatives with discussion but lacking detail
(2.6pts)
	3 SMART initiatives that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach 
(3.75pt)
	3 SMART initiatives that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society 
(5pts)
	4 SMART initiatives that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society 
(6pts)

	2)
	No attempt
	One target given for 2050 for each SMART initiative [2 total targets], from a multi-stakeholder approach across the supply chain and society
(1.3pts)
	Two targets given versus time for each SMART initiative (2035, 2050) [4 total targets], that are clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society; with roadmap 
(2.65pts)
	Two targets given versus time (2035, 2050) [6 total targets] for each SMART initiative, that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society; with roadmap 
(3.75pt)
	Three targets given versus time (2030, 2040, 2050) [9 total targets] for each SMART initiative, compared to typical industry sustainability strategy, that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society; 
(5pts)
	Three company and product specific targets given versus time (2030, 2040, 2050) [9 total targets] for each SMART initiative, compared to the company’s current sustainability strategy, that are convincing and clearly targeted at NetPositive from a multi-stakeholder approach across the supply chain and society; 
with detailed roadmap (extra 2pts)
(6pts) + 2pts

	General
	No attempt
	The answers are unclear, or lack detail 
OR 
No references.
OR
Poorly written response and word count is not respected by 75% or more
(0.3pts)
	No referenced data, 
OR 
Adequately written response and word count is not respected by 50% or more
(0.75pts)
	Limited quantitative referenced data (5 refs), 
OR
A clear response and word count is respected by <25%
(1.5pts)
	Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND 
An excellent response and word count is respected by <10%
(2pts)
	Quantitative referenced data (>10 refs), 
AND 
Showing a high level of systemic reasoning
AND
Tables / charts included 
AND 
Excellent writing and grammar with an exceptionally clear and structured response with the word count limit strictly adhered to
(3pts)

	Points
	0
	3
	6
	9
	12
	15 + 2
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