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Introduction  
Embedding Environmental Consideration 
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Some Tools available to Engineers and Designers 
Embedding Environmental Consideration 
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Analytical Tools 

(e.g LCA, 

Carbon 

Footprinting) 

 

Qualitative 

Tools 

(Checklists, 

Scorecards) 

 

Quality 

Functional 

Deployment 



The environmental footprint of a shower product 
Active vs Passive Products 
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Life Cycle Assessment 
for a shower product 50x more 

CO²equivlent is produced in the 

use phase than the rest of the other 

life cycle stages combined  

Household Carbon Emissions 
44% of Household Carbon 

Emissions in New Zealand is from 

Hot Water Heating 

98% - Use Phase 

44% - Hot Water 

Cooking 

Appliances 

Lighting 

Fridge 

Elec. Heater 



“Water Energy Nexus” 
Embedded Energy in Water 
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Eco-indicators as independent variables 
Early Design Environmental Evaluations 
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SPRAY  

TECHNOLOGY 

USER 

FEEDBACK 

Low      Medium  High 

Response Variables 

• Energy 

• Water Volume 

• Duration 

• Temperature 



Independent variables tested 
Early Design Environmental Evaluations 
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Selection of Participants  
(mostly based on hardware) 
 
- have rail shower system 
- be on high pressure water 

system 
- willing and able to 

complete study over 4-5 
months 
 

 
 
 
Installation of Data Recording 
Device 
 
- Explained what that display 

information was (Cost vs 
Scale) 

 
 
 

 
 
 
 
Returned roughly every two 
weeks 
 
- Apply a new treatment 

(change shower head or 
switch feedback) 

- Collect data for last 
treatment 

 
 

 
 
Modelled and analysed data 
(using Minitab) 
 
- Interpretation of results 

with assistance by Massey 
University Natural and 
Mathematical Sciences 
 

1 2 3 4 



Shower events recorded for entire study 
Participants in the study 
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343 

Showers 

Participants Showers Temperature Correlation  

Shower #1 2 342 43% 

Shower #2 3 298 3% 

Shower #3 2 192 11% 

Shower #4 2 220 9% 

Shower #5 1 88 24% 

Shower #6 4 442 11% 

298 

Showers 

192 

Showers 

220 

Showers 
88 

Showers 



Results: Effects of ‘Spray Technology’ and ‘User Feedback’ 
Water and Energy 
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‘Spray Type’ is significant for energy 

(Strong evidence) 

‘Spray Type’ not significant for 

water volume 

(Weak evidence) 

“Remember both are impacted by Flow-rate and Duration” 
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Effects of ‘Spray Technology’ and ‘User Feedback’ 
Duration and Temperature 
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Strong evidence that not 

showing a display increases 

duration 

 
Very week evidence that Spray Type has effect 

Strong evidence that Use-

Scale reduces Temperature 

 

 
Very week evidence that Collision-A has effect 

(increases temperature) 
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Spray Type has an effect on Energy Use 
Insight 1 

Spray Technology 
 Luxury Spray types performed worse 

 Energy, Water Volume Temperature and Duration all higher than conventional needle jet 
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User Feedback has an effect 
Insight 2 

Some feedback has a negative desired effect while others a positive with 

respect to energy 

 
Cost Reduces Duration 

Cost Increases Temperature and Energy 

Luxury-A             Luxury-B 



The Functional Unit 
Insight 3 

How do we best define the functional unit of a shower product? 

 
 

 

OR 
 



Design of Experiments 
Discussion 

The pilot demonstrated that DOE can work to enhance current Eco Tools 

by providing better approximations in use phase that can be used in LCA related 

work 

• Assess existing spray technologies – “What’s best right now?” 

• Develop new products/technologies  

o “Can we optimise the energy response with a new spray?” 

o “What role will digital technology play - new innovations?” 

 



Feedback and Discussion 



Introduction – EcoDesign 

Technicalities 
Strategic 

Management 

Project 
Management 

Tools Methods Objectives Communication 

Goals 

Integration 

Team Work Trade-offs and  

Success Factors 



Environmental Considerations for Producers 
Pressures on Organisations 
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Concern for the environment 

Climate change effects us all 

It’s the right thing to do 

Legislation 

We need to remove hazardous substances from our production process –  

or get them under a certain level 

Higher (Disposal) Costs 

Waste Management has changed - we know and do better now – this means an 

Increase in costs for companies who don’t change 

Lean is Green – Lean practices can reduce cost to production and distribution 

Opportunity to innovate and competitive advantage 

Consumers see value in environmental products as they become more informed and aware 



The data could also be used to measure rebound effects (indirect and 

direct) since duration is captured  



Water Use or Energy Use? 
Who’s problem (opportunity) is it? 

“Its Economics -  the cost of water is too low!” 
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Water end use comparison 

“It’s the method of how water heating, how 

about alternatives like solar water heaters?” 



Future Research (System Level, Model Level) 
Where can we make other environmental gains for the same product system 



Consumer Product Rebound effects 
Can user behaviours impact the environmental footprint of products 
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Direct rebound 

Change in the energy use of a product based on user perceptions and behaviours 

e.g customer buys an energy efficient vehicle but then drives more often/further. 

 

Indirect rebound 

Energy saved from one product use is shifted to other products and services 

e.g customer saves on heating bill by installing efficient heat pump but then uses the 

savings to go on more distant holiday 

 



NPD Project Management 

Doing NPD Right 

Doing the right NPD Measuring the Results 

Innovation Best Practice Example 

Product Roadmaps 
Bubble Diagrams 

Agile Practices 
Stage-gate 

2 



Shower events recorded for entire study 
Participants in the study 
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343 

Showers 

Participants Showers Temperature Correlation  

Shower #1 2 342 43% 

Shower #2 3 298 3% 

Shower #3 2 192 11% 

Shower #4 2 220 9% 

Shower #5 1 88 24% 

Shower #6 4 442 11% 

298 

Showers 

192 

Showers 

220 

Showers 
88 

Showers 800+ 

Showers 



Design of Experiments 
Supplementing LCA  
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• Easy to Use 

• Many Simplified Statistics Software Packages to 

choose from 

• Engineers already familiar with statistics (some with 

DOE specifically) 

• Can use Text and Numeric factors 

• Can use Blocking 

• Can produce interaction results 

 

Engineers taught how to design and carry out 

experiment in 2-3 workshops 



Opportunities for Integration 
Four Levels of Eco-Design 

Stevels (1997), HBR (2009) 

Level I – Product & Process Improvement 

Level 2 – Product Redesign 

Level 3 – System Level 

Level 4 – Business Model 

Optimising existing products and manufacturing 
processes to have a minimal environmental 
footprint 

Creating new ‘flagship’ products that have 
environmental consideration at the forefront 

Widening the boundaries for optimisation to the 
system that the product operates and interacts 
with 

Deliver and capture value in service offering 
rather than a product 



Opportunities for Integration 
Four Levels of Eco-Design 

Level I – Product & Process Improvement 

Level 2 – Product Redesign 

Level 3 – System Level 

Level 4 – Business Model 
 

Project Management 

Idea Management, Portfolio Management, 
Project Management 

Idea Management, Portfolio Management, 
Market Management, Project Management 

Platform Management, Portfolio Management, 
Market Management, Project Management 

Strategy, NPD Process, Techniques, Metrics 

Strategy, Organisation & Culture, NPD Process, 

Techniques, Metrics 

Competences Dimensions 

NPD Process, Techniques, Metrics 

Strategy, NPD Process, Techniques, Metrics 


