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 REVISITING THE “MASTER EQUATION” OF INDUSTRIAL ECOLOGY 
□ The Master Equation (G&A, p.28) 

Environmental Impact
= Population × [GDP/person] × [(Environmental Impact)/(Unit of GDP)]  

The IPAT Equation: I=Impact; P=Population; A=Affluence, T=Technology 
The Kaya’s identity: a mathematical expression for energy-related carbon emission 

C = (P) × (GDP/P) × (E/GDP) × (C/E) 
where the total energy-related carbon emissions C is expressed as a product of Population P, 
GDP per capita, energy intensity E/GDP and carbon intensity of energy use C/E. 

The IPAMDH Equation: I = P×A×M×D×H (Kapur and Graedel, 2004) 
M is the materials intensity, D the dissipation factor, and H the hazard factor, which depends on 
the chemical form of the material lost and the susceptibility of the receiving ecosystem. 
Environmental Impact

= Population × [GDP/person] × [(Units of Material)/GDP]
× [(Units of Pollution)/(Unit of Material)] × [Impact/(Unit of Pollution)] 

□ From Equations to Indicators 
Handbook on Constructing Composite Indicators: Methodology and User Guide 
The Human Development Index and related indices 
國發會-景氣指標查詢系統-景氣對策信號(ndc.gov.tw) 
Environmental Performance Index (yale.edu) 
許明華碩士論文：我國飲用水水質適飲性指標化評估之研究--2.1 環境指標系統 

● HUMANITY AND TECHNOLOGY 
□ The Tragedy of the Commons (G&A, pp.2-4; http://zh.wikipedia.org/zh-tw/公地悲劇) 
The Maximum Sustainable Yield; Free Riders and Externality 

□ The ‘Past Goods’ and the ‘New Bads’ (G&A, p.31) 
□ Decoupling of ‘Economic Goods’ and ‘Environmental Bads’ 
The Environmental Kuznets Curve (Kuznets curve - Wikipedia) 

□ Metabolic “Dissipativeness” of Materials vs. Anthropic “Concentration” of Pollutants 
□ Final Sink of Materials: Consumption vs. Production 

● TECHNOLOGICAL PRODUCT DEVELOPMENT 
□ Product Development Challenge (G&A, Chp.9, pp.115-117) 
□ Conceptual Tools for Product Designer (G&A, Chp.9, pp.117-118) 
The Pugh Selection Matrix 
The House of Quality 

□ Design for X (G&A, Chp.9, pp.118-121) 
X = A / C / D / ES / M / MC / R / SL / S / T  

□ Product Design Teams (G&A, Chp.9, pp.121-122) 
□ Product Realization Process (G&A, Chp.9, pp.122-124) 

https://www.oecd-ilibrary.org/economics/handbook-on-constructing-composite-indicators-methodology-and-user-guide_9789264043466-en
https://ourworldindata.org/human-development-index
https://index.ndc.gov.tw/n/zh_tw#/
https://epi.yale.edu/
http://zh.wikipedia.org/zh-tw/%E5%85%AC%E5%9C%B0%E6%82%B2%E5%8A%87
https://en.wikipedia.org/wiki/Kuznets_curve


● DESIGN FOR ENVIRONMENT & SUSTAINABILITY: CUSTOMER PRODUCTS 
□ Choosing Materials (G&A, Chp.10, pp.126-129) 
□ Combining Materials (G&A, Chp.10, pp.129-131) 
□ Product Delivery (G&A, Chp.10, pp.131-134) 
General Packaging Considerations: “Paper or Plastic” => the Packaging Materials 
On-Site Recycling and “Take-Back” of Packaging Materials 

□ The Product Use Phase (G&A, Chp.10, pp.134-135) 
Dissipative Products 

□ Design for Reuse and Recycling (G&A, Chp.10, pp.135-143) 
The Comet Diagram => The Butterfly Diagram of Circular Economy  
Closed-loop and Open-loop Recycling of Materials 
Reverse Logistics and Remanufacturing 
Dissipative Products 

□ Guideline for DfES (G&A, Chp.10, pp.143-144) 
Fiksel, J. (2009) Design for Environment: A Guide to Sustainable Product Development 
A Compilation of Design for Environment Guidelines (researchgate.net) 

● DFES: BUILDINGS AND INFRASTRUCTURE 
□ The (Infra)structures of Society (G&A, Chp.11, pp.146-147) 
Electric Power / Water / Transportation / Telecommunication Infrastructure (pp.148-151) 

□ Green Buildings (G&A, Chp.11, pp.152-153) 
The LEED System: U.S. Leadership in Energy and Environmental Design 
BREEAM: U.K. Building Research Establishment Environmental Assessment Method  
Taiwan’s EEWH System: Ecology-Energy Saving-Waste Reduction-Health 
SKA vs BREEAM vs LEED vs Fitwel vs WELL | Office Principles 

□ Infrastructure and Building Material Recycling (G&A, Chp.11, pp.153-157) 
□ Green (Infrastructure) Design Guidelines (G&A, Chp.11, pp.157-158) 

● ECODESIGN AND SYSTEMS OF SUSTAINABLE CONSUMPTION AND PRODUCTION 
□ Ecological design or EcoDesign 
An approach to designing products and services that gives special consideration to the 

environmental impacts of a product over its entire lifecycle. 
□ EcoDesign symposium 
Topics of EcoDesign 2023 
 Product Life Cycle Design and Management 
 Sustainability Assessment for EcoDesign 
 Sustainable Technology 
 Social Perspectives in EcoDesign 

□ 永續性產品與產業管理研討會 
研討會主旨：…永續資訊揭露、綠色消費、綠色設計、循環經濟、低碳與智慧生活未來

的推動，建構橫跨經濟、社會及環境範疇之「永續性產品與產業管理」… 
論文主題：永續治理、循環經濟-循環設計、永續績效-資訊揭露、安全衛生-防災、淨零

減碳、自然為本解方、綠色供應鏈、綠色消費、生態創新設計 
□ EU Ecodesign for Sustainable Products Regulation (ESPR) 
ESPR Guide – What is it & How to prepare (2024 Update) | Ecochain 

● HOMEWORK ASSIGNMENT #5 (併入期中考試): Concept Map (Mind Map) of Design for X 

https://www.accessengineeringlibrary.com/content/book/9780071605564
https://www.researchgate.net/publication/301796291_A_Compilation_of_Design_for_Environment_Guidelines
https://officeprinciples.com/insights/ska-breeam-leed-fitwel-well
https://ecochain.com/blog/espr-2024-overview/


 


