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Introduction to SustainabilityIntroduction to Sustainability

 Sustainability has emerged as one of the most important

guiding principles in engineering, planning, and design over

the past few decades.

 The Brundtland Report (1987)The Brundtland Report (1987)

defined sustainable development

as meeting the needs of the

present without compromising

the ability of future generations

to meet their own needs.



Introduction to SustainabilityIntroduction to Sustainability

 In engineering, sustainability focuses on integrating

environmental, aeconomic, and social concerns into

technical design.

 This ensures that

technological growth

does not come at the

cost of ecological

degradation or societal

imbalance.



Introduction to SustainabilityIntroduction to Sustainability

 Historical Context: From industrial revolution to the

green revolution, human interventions have changed the

natural environment drastically.

 The 1972 Club of Rome report 'Limits to Growth'

highlighted the dangers of uncontrolled exploitation of

natural resources.

 Today, frameworks such as the United Nations

Sustainable Development Goals (SDGs) act as guiding

beacons for sustainable practices across industries, including

engineering.



Role of Engineers in SustainabilityRole of Engineers in Sustainability

 Engineers are solution developers who directly shape

technologies, infrastructure, and industrial systems.

 Their decisions determine energy consumption, carbon

footprint, resource efficiency, and social well-being.



Role of Engineers in SustainabilityRole of Engineers in Sustainability

Responsibilities of Engineers:

1. Ethical Responsibility

◦ Ensure designs do not harm people or ecosystems.

2.Technical Responsibility

◦ Optimize performance while

minimizing environmental

damage.

3. Societal Responsibility

◦ Create inclusive and

accessible solutions.



Role of Engineers in SustainabilityRole of Engineers in Sustainability

Example:

Civil engineers working on road networks:

unsustainable design leads

to congestion and pollution,to congestion and pollution,

while sustainable design

promotes public transport,

pedestrian spaces, and EV

infrastructure.



Exploring SustainabilityExploring Sustainability

Definition

Sustainability is defined in the Brundtland Report (1987) as:

“Meeting the needs of the present without compromising the

ability of future generations to meet their own needs.”



Exploring SustainabilityExploring Sustainability
SystemsThinking

Systems Thinking is a holistic method of problem solving. It

considers the interactions of subsystems, feedback loops, and long-

term consequences.

Example:-Example:-

shifting from plastic to

paper packaging reduces

plastic waste but may

increase deforestation –

systems thinking helps

evaluate such trade-offs.



Exploring SustainabilityExploring Sustainability
System thinking is a holistic approach to understanding complex

problems by looking at the entire system rather than focusing only on

individual components.

 It emphasizes the interconnections, feedback loops, and interactions

between different parts of a system.

 In sustainability, system thinking helps in identifying how In sustainability, system thinking helps in identifying how

environmental, social, and economic factors interact with one

another, instead of treating them in isolation.

Example: If a city shifts to electric vehicles, system thinking requires

us to consider not just the reduction in tailpipe emissions, but also the

source of electricity (coal or renewable), battery production

impacts, waste management, and economic effects on the petroleum

industry.



Exploring SustainabilityExploring Sustainability
Key Principles of System

Thinking in Sustainability

1. Interconnectedness

◦ Everything is linked: environment↔ society↔ economy.

◦ Actions in one domain have ripple effects in others.



Exploring SustainabilityExploring Sustainability

Key Principles of System

Thinking in Sustainability

2. Feedback Loops

◦ Positive feedback loop: amplifies change

◦ Negative feedback loop: stabilizes system◦ Negative feedback loop: stabilizes system

3. Holistic Perspective

◦ Look at the “big picture” rather than optimizing one part at the

expense of others.

◦ Example: A factory reducing water usage but increasing toxic air

pollution is not truly sustainable.



Exploring SustainabilityExploring Sustainability
Key Principles of System

Thinking in Sustainability

4. Dynamic Nature of Systems

◦ Systems evolve over time.

◦ Decisions today may have long-term consequences (climate change is a◦ Decisions today may have long-term consequences (climate change is a

delayed effect of industrial emissions).

5. Emergent Properties

◦ Whole system behavior is more than the sum of parts

◦ Example: A sustainable city emerges not from just efficient transport or

waste management alone, but from the synergy of energy, housing, culture,

governance, and citizen behavior



Exploring SustainabilityExploring Sustainability
Application of SystemThinking in Sustainability

1. Engineering Projects

◦ Design products with life cycle assessment (LCA) in mind – from raw

material extraction→ manufacturing→ usage→ disposal.

◦ Example: Designing a building not only for structural efficiency but also

considering energy usage, waste reduction, water recycling, and long-termconsidering energy usage, waste reduction, water recycling, and long-term

adaptability.

2. Urban Planning

◦ Sustainable cities require integrating transport, housing, waste

management, water, energy, and green spaces into one system.

◦ Example: Promoting public transport reduces traffic congestion, lowers

emissions, and improves air quality → which enhances public health and

reduces healthcare costs.



Exploring SustainabilityExploring Sustainability

Application of System Thinking in Sustainability

3. Policy Making

◦ Governments must balance environmental laws, economic growth, and

social welfare.

◦ Example: A carbon tax not only reduces emissions but also funds◦ Example: A carbon tax not only reduces emissions but also funds

renewable energy projects, creating jobs and protecting ecosystems.

4. Corporate Sustainability

◦ Companies adopting circular economy principles → reusing, recycling,

remanufacturing.

◦ Example: IKEA designing furniture that can be easily dismantled, recycled,

and reused..



Exploring SustainabilityExploring Sustainability

Benefits of System Thinking in Sustainability

 Prevents unintended consequences by foreseeing long-term

impacts.

 Helps in identifying leverage points (small actions with large

positive effects).positive effects).

 Promotes collaboration between engineers, policymakers,

businesses, and society.

 Supports resilient systems that can adapt to climate, economic,

and social changes.



Exploring SustainabilityExploring Sustainability
Challenges of Applying System Thinking

 Complexity of interactions makes analysis difficult.

 Requires multidisciplinary knowledge (engineering,

economics, sociology, ecology).

 Decision-makers may prefer short-term benefits over

long-term sustainability.

 Data limitations and uncertainty in predicting future

outcomes.



Exploring SustainabilityExploring Sustainability

Engineering Ecology

Engineering Ecology studies material and energy flows within

engineered systems. Inspired by ecosystems, it aims for closed-

loop systems where waste becomes a resource.

Example:

Kalundborg Symbiosis in

Denmark, where industries

exchange waste products as

raw materials.



Exploring SustainabilityExploring Sustainability

Triple P (People, Planet, Profit)

 People:– Social equity, fairness, inclusivity.

 Planet:– Environmental protection, biodiversity, emission

reduction.
Profit:– Economic viability Profit:– Economic viability

for long-term success.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

General Engineering Design Steps

Steps: Problem Identification → Requirement Gathering →

Concept Generation → Alternative Evaluation → Detailed Design

→ Prototyping and Testing→ Implementation.→ Prototyping and Testing→ Implementation.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Steps:

1. Problem and Context Analysis: This is the initial phase

where you not only identify the problem but also deeply analyze

its environmental and social context. It involves understanding theits environmental and social context. It involves understanding the

product's full life cycle, from raw material extraction to

manufacturing, distribution, use, and end-of-life. The goal is to

identify "hotspots" where the most significant negative impacts

occur.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Steps:

2. Goal Setting and Strategy Development: Based on the

analysis, you set clear and measurable sustainability goals. This is

where you might decide to focus on reducing energy consumption,

using recycled materials, minimizing water use, or designing for ausing recycled materials, minimizing water use, or designing for a

circular economy. Key strategies at this stage include:* Design for

Disassembly: Making a product easy to take apart for repair, reuse, or

recycling.* Design for Longevity: Creating durable products that last a

long time.* Dematerialization: Using fewer materials to create the

same function.* Systems Thinking: Considering the entire system a

product operates within, rather than just the product itself.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
Steps:

3. Concept Generation and Ideation: This creative phase is

similar to general design, but with a strong sustainability lens.

Instead of just brainstorming solutions, you specifically generate

ideas that align with your sustainability goals. For example, if your

goal is to reduce waste, you might brainstorm a product-as-a-

service model rather than a one-time purchase.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Steps:

4. Material and Component Selection: This is a critical step in

sustainable design. You choose materials based on theirsustainable design. You choose materials based on their

environmental impact, including their source (recycled, renewable),

the energy required to process them, and their potential for

recycling or composting at the end of the product's life.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Steps:

5. Detailed Design and Prototyping: The detailed design phase

incorporates the chosen materials and strategies. Prototypes areincorporates the chosen materials and strategies. Prototypes are

not just tested for function but also for their environmental

performance. This can involve using life-cycle assessment (LCA)

tools to model the product's impact throughout its entire lifespan.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Steps:

6. Manufacturing and Implementation: The final design is put

into production. This step focuses on optimizing manufacturinginto production. This step focuses on optimizing manufacturing

processes to reduce waste, minimize energy use, and manage

water consumption. The goal is a production line that is as efficient

and low-impact as the product itself.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Design Steps Specific to Sustainable Design

• Life Cycle Assessment (LCA) to measure environmental impact.

• Selection of eco-friendly, renewable, or recyclable materials.

• Energy-efficient design approaches.

• Consideration of end-of-life reuse and recycling.

• Social inclusiveness and affordability.

• Incorporation of circular economy principles.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

1. Life Cycle Assessment to Measure Environmental Impact

 Life Cycle Assessment (LCA) is a systematic method used to

evaluate the environmental impacts associated with all the stages

of a product’s life—from raw material extraction, manufacturing,of a product’s life—from raw material extraction, manufacturing,

transportation, use, and maintenance, to disposal or recycling.

 Purpose: To quantify and minimize the total environmental

footprint (energy, water, emissions, waste) of a product or

process.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
1. Life Cycle Assessment to Measure Environmental Impact

Key Stages of LCA:

 Goal and Scope Definition

 Inventory Analysis

 Impact Assessment

 Interpretation

Example: When designing a concrete structure, using LCA can help

compare the impact of traditional Portland cement concrete versus green

concrete with fly ash or slag.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
2. Selection of Eco-friendly, Renewable, or Recyclable Materials

 The objective is to choose materials that have minimal environmental 

impact, can be renewed naturally, or can be reused/recycled at the end 

of their life.

Guidelines:

 Prefer renewable resources such as bamboo, timber, or bioplastics.

 Use recycled materials, e.g., recycled aggregates or plastics.

 Avoid materials with high embodied energy.

 Opt for locally sourced materials to minimize transportation energy.

Example: Using fly ash-based cement or geopolymer concrete reduces 

carbon emissions compared to traditional OPC cement.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
3. Energy-efficient Design Approaches

 This step focuses on reducing energy consumption during both the

operation and manufacturing stages of a product or structure.

Strategies:

 Apply passive design principles for natural ventilation and lighting. Apply passive design principles for natural ventilation and lighting.

 Use energy-efficient systems like LEDs and high-efficiency motors.

 Integrate renewable energy sources like solar or wind.

 Minimize process energy through optimized manufacturing.

Example: Orienting buildings for natural daylighting and ventilation

reduces dependency on artificial lighting and air-conditioning.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
4. Consideration of End-of-Life Reuse and Recycling

 The objective is to design products or systems so that their

components can be reused, refurbished, or recycled after their useful

life.

Key Concepts:

 Design for Disassembly (DfD).

 Modular Design for easy replacement or upgrade.

 Material identification for sorting during recycling.

 Reverse logistics planning for product recovery.

Example: Modular electronic devices allow easy recycling and reuse of

valuable materials like copper and aluminum.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
5. Social Inclusiveness and Affordability

 Ensuring that designs benefit all sections of society, including

marginalized and low-income groups, while remaining economically

accessible.

Principles:Principles:

 Promote universal design accessible to all users.

 Ensure fair labor practices and ethical sourcing.

 Design affordable solutions for widespread adoption.

 Involve community engagement for locally appropriate outcomes.

Example: Developing low-cost water purification systems using local

materials supports both environmental and social sustainability.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign
6. Incorporation of Circular Economy Principles

 A Circular Economy (CE) is a regenerative system that keeps products,

materials, and resources in use for as long as possible, minimizing

waste and resource extraction.

Design Implications:

Transition from Take–Make–Dispose to Make–Use–Return–Reuse Transition from Take–Make–Dispose to Make–Use–Return–Reuse

model.

 Emphasize remanufacturing, refurbishment, and recycling.

 Extend product life through repairability and adaptability.

 Create closed-loop systems for material reuse.

Example: Automobile manufacturers design vehicles with recyclable

parts and take-back programs for used components.



OverviewOverview ofof MakingMaking aa SustainableSustainable DesignDesign

Summary Table: Design Steps for Sustainable Design

Step Focus Area Key Outcome

Life Cycle Assessment
Environmental impact 

analysis
Reduction in total 

ecological footprint

Eco-friendly Material 
Selection

Resource sustainability
Reduced resource 

depletion and emissionsSelection depletion and emissions

Energy-efficient Design Energy conservation
Lower operational and 

embodied energy

End-of-life Planning Product circularity
Enhanced reuse and 

recycling

Social Inclusiveness Equity and affordability Broader societal benefit

Circular Economy 
Principles

Resource optimization Closed-loop material flow



ChallengesChallenges forfor aa sustainablesustainable designdesign
 Designing for sustainability is a complex and

multidimensional process.

 While the concept is well accepted globally, its practical

implementation faces several technical, economic,

institutional, and social challenges.institutional, and social challenges.

 These challenges arise due to conflicting priorities

between performance, cost, and sustainability goals.

 Understanding these barriers is crucial for engineers to

develop realistic and effective sustainable design solutions.



ChallengesChallenges forfor aa sustainablesustainable designdesign
1. Lack of Awareness and Knowledge

 Many designers, engineers, and decision-makers lack a deep

understanding of sustainability principles and green design tools.

This leads to poor integration of sustainability concepts in early

design stages.

Impact:Impact:

 Poor decision-making due to lack of technical understanding.

 Limited adoption of sustainable materials and technologies.

 Reduced innovation in eco-friendly design.

Example: A construction firm unaware of embodied carbon might

choose high-carbon materials simply because they are cheaper or

readily available.



ChallengesChallenges forfor aa sustainablesustainable designdesign
2. Higher Initial Costs and Economic Constraints

 Sustainable products or infrastructure often require higher upfront

investment for energy-efficient systems or eco-friendly materials.

Although life-cycle costs may be lower, short-term financial

limitations discourage adoption.

Impact:Impact:

 Clients and investors may reject sustainable alternatives due to

high capital costs.

 Difficulty in obtaining financing or incentives for green projects.

 Delays in large-scale implementation.

Example: Installing solar panels or rainwater harvesting systems

increases initial cost, though it saves money in the long run.



ChallengesChallenges forfor aa sustainablesustainable designdesign
3. Limited Availability of Sustainable Materials and

Technologies

 Access to eco-friendly materials, renewable technologies, or

recycling facilities is limited in many regions. Some sustainable

materials also lack standardization or certification.

Impact:

 Difficulty in sourcing reliable green materials.

 Increased logistics and transportation emissions.

 Reduced confidence in new materials or technologies.

Example: Finding high-quality recycled aggregates or low-carbon

cement locally can be challenging.



ChallengesChallenges forfor aa sustainablesustainable designdesign

4. Lack of Standardization, Regulations, and Policy

Support

 Absence of uniform sustainability standards and enforcement

mechanisms makes it difficult to evaluate and certify designs.

Impact:Impact:

 Inconsistent sustainability performance evaluation.

 Greenwashing becomes common.

 Weak motivation for compliance.

Example: Different regions have varying green building codes (e.g.,

LEED, GRIHA), leading to inconsistency.



ChallengesChallenges forfor aa sustainablesustainable designdesign

5. Complex DesignTrade-offs

 Sustainable design involves balancing environmental, social, and

economic goals. Optimizing one aspect can conflict with another.

Impact:

 Conflicts between durability, aesthetics, and sustainability.

 Need for multi-criteria decision-making tools.

 Difficulty in achieving holistic optimization.

Example: A recyclable material may reduce emissions but

compromise structural strength.



ChallengesChallenges forfor aa sustainablesustainable designdesign

6. Resistance to Change and Cultural Barriers

 People and organizations often resist new ideas or practices due to

habits, lack of incentives, or risk aversion.

Impact:

 Slow adoption of sustainable solutions.

 Reluctance among contractors to experiment.

 Social acceptance issues for new technologies.

Example: Contractors may resist using geopolymer concrete due to

unfamiliarity with mix design.



ChallengesChallenges forfor aa sustainablesustainable designdesign

7. Data Gaps and Measurement Difficulties

 Accurate sustainability assessment requires comprehensive data on

material properties, energy use, and life-cycle impacts. However,

such data are often unavailable or unreliable.

Impact:Impact:

 Difficulty conducting Life Cycle Assessments (LCA).

 Inaccurate comparisons between design alternatives.

 Misleading sustainability claims due to lack of verified data.

Example: Incomplete data for a composite material may prevent

accurate environmental assessment.



ChallengesChallenges forfor aa sustainablesustainable designdesign
8. Lack of Interdisciplinary Collaboration

 Sustainable design requires input from multiple fields —

environmental science, economics, social science, and engineering.

Poor coordination among disciplines leads to incomplete solutions.

Impact:Impact:

 Designs fail to address all sustainability dimensions.

 Increased project time and miscommunication.

 Difficulty integrating social and ecological aspects effectively.

Example: A civil team may optimize for low emissions but overlook

community impacts without social experts.



ChallengesChallenges forfor aa sustainablesustainable designdesign
9. Maintenance and End-of-Life Challenges

 Even after implementation, proper maintenance, reuse, and

recycling strategies are essential. Lack of infrastructure or

awareness in these stages undermines sustainability goals.

Impact:Impact:

 Products not recycled or reused as planned.

 Increased waste generation over time.

 Reduced life-cycle efficiency of systems.

Example: Failure to separate waste streams can nullify the benefits

of recyclable materials.



ChallengesChallenges forfor aa sustainablesustainable designdesign
10. Social and Affordability Barriers

 Sustainability must be socially inclusive and affordable. However,

solutions often fail to consider affordability for low-income users.

Impact:

Limited adoption of sustainable technologies by the general public. Limited adoption of sustainable technologies by the general public.

 Social inequity in access to sustainable resources.

 Reduced effectiveness of green initiatives.

Example: Eco-friendly housing that is too costly cannot address

housing shortages in developing regions.



Stage-gate innovation funnel

The innovation funnel is a model or metaphor used to

describe how many potential ideas are gradually filtered down

(through stages and decision “gates”) to a few viable products

or solutions.or solutions.

In sustainable design or engineering, the innovation funnel

can incorporate sustainability criteria (environmental impact,

resource usage, life cycle thinking) additionally to the usual

technical/market criteria.



Stage-gate innovation funnel: Why
 Risk reduction: early elimination of unfeasible or unsustainable

ideas saves resources (time, money, materials).

 Clarity & decision discipline: having explicit criteria at each

gate ensures decisions are not arbitrary.

 Focus on viability and sustainability: the funnel encouragesFocus on viability and sustainability: the funnel encourages

checking not just technical or commercial feasibility, but also

environmental, social, and life-cycle impact.

 Resource allocation: allows concentrating engineering and

testing resources on the most promising ideas.

 Iterative learning: ideas can go back to earlier phases for

improvement rather than being blindly pushed forward.



Stage-gate innovation funnel: Stages
Stage Purpose / Activities

Gate Decision 
Criteria

Sustainability 
Perspective

1. Discovery / Idea 
Generation

Collect ideas, identify 
problems, and 
opportunities.

Filter for feasibility and 
alignment with goals.

Include sustainability 
challenges (e.g., carbon 

reduction).

2. Concept Definition
Develop selected ideas 
into clear concepts with 

preliminary analysis.

Evaluate based on 
sustainability potential 

and feasibility.

Apply life-cycle thinking 
and assess resource use.

Create prototypes, test Assess technical Integrate eco-design, 
3. Detailed Design / 

Development

Create prototypes, test 
designs, and refine 

performance.

Assess technical 
feasibility, cost, and 

environmental impact.

Integrate eco-design, 
DfMA, and material 

optimization.

4. Testing / Validation
Test performance, user 

satisfaction, and 
sustainability.

Decide based on test 
results and sustainability 

compliance.

Compare predicted vs
actual environmental 

performance.

5. Launch / 
Implementation

Full-scale production and 
deployment.

Check readiness, 
compliance, and 

sustainability 
certification.

Monitor energy use, 
emissions, and waste.

6. Post-Launch / 
Feedback

Collect feedback and 
monitor product 

performance.

Assess for future 
improvements.

Feed sustainability data 
back into design.



Stage-gate innovation funnel: Decision criteria

 Strategic / business alignment (does the idea align with mission, goals)

 Market potential / customer desirability / user need

 Technical feasibility

 Cost / financial viability / business case

 Resource availability (human, materials, capital)

 Time / schedule feasibility

 Risk assessment (technical risk, regulatory, supply chain)

 Sustainability / environmental impact: carbon footprint, energy use,

life-cycle assessment, waste, recyclability, toxicity

 Social impact / ethical issues

 Regulatory / compliance / legal constraints

 Scalability / manufacturability



Stage-gate innovation funnel:

Integrating Sustainability into the Innovation Funnel

1. Include sustainability thinking from the start

In the idea generation and preliminary screening stages, include

prompts or filters for sustainability (e.g. circular economy, carbon

reduction, renewable materials, durability).

Use life-cycle assessment (LCA) / life-cycle thinking2. Use life-cycle assessment (LCA) / life-cycle thinking

In concept and detailed design, perform rough LCA, comparisons of

material alternatives (e.g. recycled vs virgin materials), energy use,

emissions, end-of-life.

3. Design for disassembly, reuse, repairability

Incorporate during the detailed design stage the constraints and

methods for disassembly, repair, recyclability.



Stage-gate innovation funnel:

Integrating Sustainability into the Innovation Funnel

4. Multi-criteria decision making (MCDM)

Use decision tools that weigh sustainability, cost, performance, risk to

evaluate which concepts pass gates.

5. Feedback loops & iteration

After testing or pilot, feed back sustainability performance data toAfter testing or pilot, feed back sustainability performance data to

redesign or eliminate suboptimal ideas.

6. Post-launch monitoring of sustainability metrics

Track real-world performance (energy use, maintenance, waste) and

feed those lessons into future designs or next generation.

7. Stakeholder engagement / social aspects

At early stages, involving stakeholders (users, communities, regulatory

bodies) to surface social or environmental constraints.



Stage-gate innovation funnel:

Strengths / Advantages

 Provides discipline and structure to innovation efforts.

 Helps avoid waste of resources on infeasible ideas.

 Encourages early detection of flaws (technical, 

environmental).environmental).

 Aligns innovation with strategic and sustainability goals.

 Facilitates communication and accountability: gate reviews 

force clarity.



Stage-gate innovation funnel:

Challenges / Limitations

 It can become bureaucratic / slow if too many gates or too 

rigid.

 Might stifle creative ideas if gate criteria are too restrictive 

early on.early on.

 Difficulty in evaluating sustainability early when data is scarce.

 Over-reliance on forecasts/projections which may be 

uncertain.

 Need for cross-disciplinary coordination (engineering, 

environmental, business) which can be hard.



Stage-gate innovation funnel:
Best Practices /Tips

 Keep gates lean and meaningful—don’t burden with unnecessary

bureaucracy.

 Define clear criteria and metrics in advance (especially sustainability

metrics).

 Allow some “go back” routes rather than strictly forward-only. Allow some “go back” routes rather than strictly forward-only.

 Use prototypes or models early to reduce uncertainty.

 Involve diverse experts (technical, environmental, financial, users).

 Use decision tools (scoring, MCDM, risk matrices).

 Update the process over time using feedback and lessons learned.

 For sustainable design, maintain databases of environmental data,

material properties, prior design lessons.



Stage-gate innovation funnel:

Example / Illustration (Hypothetical)

Suppose your project is designing a solar-powered water

purifier for rural use, with sustainability goals:

 Discovery: You brainstorm many ideas around sustainable

water treatment (solar, passive membranes, biological systems).water treatment (solar, passive membranes, biological systems).

 Gate 1 (Screening): Filter out ideas that are too high cost, or

use rare materials. Keep those aligned with local context.

 Concept Definition: Select 2 or 3 concepts (e.g. solar-UV

purifier, solar membrane, hybrid solar + gravity system). Estimate

rough performance, materials, cost, environmental impact.



Stage-gate innovation funnel:

Example / Illustration (Hypothetical)

 Gate 2: Choose one or two with best cost vs sustainability

trade-off.

 Detailed Design: Build prototypes, simulate, test in lab, do life-

cycle analysis of material use, energy consumption.cycle analysis of material use, energy consumption.

 Gate 3: Evaluate test results: water purification efficiency,

durability, energy per liter, maintenance requirements, life-cycle

impact.

 Pilot / Testing: Deploy in small field trial, get feedback from

users, measure real-world performance (durability, energy use,

user satisfaction).



Stage-gate innovation funnel:

Example / Illustration (Hypothetical)

 Gate 4: Decide whether to scale to manufacturing; check cost,

supply chain, regulatory, sustainability certs.

 Launch / Deployment: Manufacture, distribute, monitor usage,

collect data on energy, lifetime, waste, maintenance.

 Post-Launch Learning: Feed real data into improvements or

future designs.



Open Innovation

Open Innovation is a collaborative approach where

organizations use external ideas, technologies, and

knowledge along with internal capabilities to drive

innovation.

 Concept introduced by: Henry Chesbrough (2003) Concept introduced by: Henry Chesbrough (2003)

 Goal: To accelerate sustainable development by sharing

knowledge and co-creating solutions.

 Example: Partnerships between startups, research

institutes, and industries to design eco-friendly

technologies.



Open Innovation

 Key Components:

◦ Inbound Innovation: Using external ideas (e.g., open-

source sustainability tools)

◦ Outbound Innovation: Sharing internal ideas for

public use (e.g.,Tesla’s open patents)public use (e.g.,Tesla’s open patents)

◦ Coupled Process: Collaboration through alliances,

joint ventures, or innovation platforms

 Outcome: Faster and broader adoption of sustainable

technologies.



Open Innovation

Benefits of Open Innovation for SDGs

 Promotes interdisciplinary collaboration (academia,

government, industry).

 Encourages rapid prototyping and global scaling of sustainable

solutions.solutions.

 Reduces duplication of research efforts.

 Improves resource efficiency and circular economy

initiatives.

 Builds inclusive ecosystems for local and global

sustainability.
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Open Innovation

Role of Open Innovation in Achieving SDGs

 Open innovation acts as a bridge between technology and

sustainability.

 Supports multiple SDGs:

◦ SDG 7: Affordable and clean energy — collaborative R&D for solar

tech.

◦ SDG 9: Industry, innovation, and infrastructure — smart city

collaborations.

◦ SDG 11: Sustainable cities and communities — shared mobility

innovations.

◦ SDG 13: Climate action — open data on emissions, climate

modeling tools.



Open Innovation

Risks in Open Innovation

 Intellectual Property (IP) Risks: Possibility of idea theft or

misuse.

 Confidentiality Risk: Leakage of proprietary data or trade

secrets.secrets.

 Coordination Risk: Conflicts among collaborators due to

differing goals.

 Cultural Risk: Resistance to sharing ideas due to internal

culture.

 Sustainability Risk: Short-term gains may override long-term

environmental goals.



Open Innovation

Managing the Risks

 Develop clear IP sharing frameworks (licenses, NDAs).

 Use open-source agreements with defined

sustainability clauses.

Establish trust and transparency through digital Establish trust and transparency through digital

platforms.

 Implement risk assessment tools for project evaluation.

 Encourage ethical innovation ecosystems.



Open Innovation

Innovation Effort Constraints

 Financial Constraints: Limited funding for R&D or pilot

testing.

 Technical Constraints: Lack of advanced tools, data, or skilled

experts.experts.

 Time Constraints: Pressure for quick results reduces

experimentation.

 Regulatory Constraints: Delays due to unclear or rigid

government policies.

 Organizational Constraints: Limited innovation culture and

flexibility.



Open Innovation

Overcoming Effort Constraints

 Form Public-Private Partnerships (PPP) for shared

resource investment.

 Create innovation hubs for sustainable technology

incubation.incubation.

 Use digital twins and simulation tools for faster

design testing.

 Promote training and knowledge exchange programs.

 Align company goals with SDG-based Key

Performance Indicators (KPIs).



Open Innovation

Integration of Open Innovation with Sustainability

 Sustainability goals should drive the direction of open

innovation projects.

 Encourage open access to sustainability data.

Apply Life Cycle Assessment (LCA) in all innovation Apply Life Cycle Assessment (LCA) in all innovation

stages.

 Foster cross-sector collaboration (e.g., academia +

industry + government).

 Use innovation metrics to monitor environmental,

social, and economic impact.



Open Innovation

Case Study: Open Innovation in Smart Cities

 Example: “Bangalore Smart City Initiative”

◦ Collaboration among BBMP, startups, and academia.

◦ Development of intelligent traffic management

using open data.using open data.

◦ Addresses SDG 11 (Sustainable Cities) and SDG 13 

(Climate Action).

 Result: Improved public transport, reduced congestion, 

and better air quality.


