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Abstract
The Furniture and Construction & Demolition Industries are highly consumptive industries 
that generate a massive amount of material waste due to design, production, and assembly 
methods and a lack of infrastructure to reclaim and reuse materials at their perceived end 
of life. The Design/Build Industry encourages a consumer mindset that requires spaces and 
places be constructed and upgraded regularly.1 This consume and improve mindset is just 
one of many factors that contribute to material waste generated throughout the life  
cycle of durable goods and as a result of construction and demolition processes: 
• Scarcity created by materials harvesting
• Byproducts of the manufacturing/building process
• Emissions generated during transportation/distribution
• Health and safety concerns during use
• Environmental impacts of demolition and material disposal.2 

Sustainable Materials Management (SMM) is a concept where the Durable Goods and 
Construction & Demolition Industries seek to address material waste and pollution 
generated by design, build, and use of materials. The concept of SMM is not fully defined 
and integrated into materials life cycles in these industries. Understanding the challenges 
faced by manufacturers and consumers, the author explores the concept of Sustainable 
Materials Management through Life Cycle Assessments to address material waste and 
createa reuse cycle for products leaving and entering the system.3 

This thesis exploration concludes that material reclamation is imperative to system 
longevity and argues that this complex system of waste generation can be addressed 
through design-for-disassembly and establishing a circular economy to reclaim and reuse 
materials.
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Furniture, furnishings, and architectural finishes are  
functional and fashionable components of the Design/Build 
Industry.

These items are typically highly durable to increase longevity, yet when these 
items reach their perceived end-of-life, they are the most infrequently
recycled products.2

Material waste in the Furniture and Construction & Demolition Industries is a 
significant challenge due to: 
• Consumer and recycler inability to properly disassemble and separate  

materials due to assembly methods, item size/weight, and material  
composition.

• Lack of established reclamation programs to reclaim and reuse these items.

As a result of these existing flaws in the overall system a majority of  
commercial and bulky furniture items are being sent to the landfill or  
incinerator.

Project Introduction
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As furniture styles, architectural finishes, and consumer desires 
evolve, and existing durable goods in circulation reach the end of 
their perceived life (10-20 years), the challenge of how to  
disassemble and reclaim now-obsolete materials is a significant  
sustainability problem.



In 2017, 12.2 million tons of municipal solid waste was 
generated from the U.S. furniture industry alone; this
number is a result of a steady rise since 1960 when 

2.2 million tons was generated (see Figure 1).1

Introduction //
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• Steadily increasing consumer demand has resulted in furniture  
manufacturers producing more furniture pieces now than ever before  
(see Figure 1).1

• In addition to discretionary spending, unavoidable wear and tear from  
frequent use has impacted consumer demand. The average U.S. consumer 
spends $520.99 on furniture annually, up from $445.69 in 2007.2

• According to the E.P.A., 37,240,000 tons of all discarded durable goods 
were landfilled in 2017.1

• CleanTechnica notes that a complete cubicle represents anywhere from 300 
to 700 pounds of waste, the majority of which is ferrous metal, wood, and 
plastic.4

• A typical task chair has dozens of different materials and chemicals, 
making reuse far more effective and sustainable than recycling or landfill.4

• According to the Business and Institutional Furniture Manufacturer’s  
Association (BIFMA), $10.2 billion worth of commercial furniture and 
equipment was produced, sold, and used in 2015 in the U.S. alone.4

• "A significant portion (19.5 percent) of furniture and furnishings were  
combusted for energy recovery in 2017 (see Figure 2), but the majority of 
this product sector was landfilled (80.2 percent)" according to EPA data.1

Management 
Pathway

1960 1970 1980 1990 2000 2005 2010 2015 2016 2017

Generated 2,150,000 2,830,000 4,760,000 6,790,000 8,120,000 9,340,000 10,820,000 12,050,000 12,210,000 12,210,000

Recycled - - - - - - 10,000 10,000 30,000 40,000

Composted - - - - - - - - - -

Combustion 
with Energy 
Recovery

- - 90,000 1,150,000 1,570,000 1,700,000 1,910,000 2,350,000 2,380,000 2,380,000

Landfilled 2,150,000 2,830,000 4,670,000 5,640,000 6,550,000 7,640,000 8,900,000 9,690,000 9,800,000 9,790,000

Figure 1: 1960-2017 Data on Furniture and Furnishings in MSW by Weight (in millions of U.S. tons)
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The disposal of durable goods and architectural finishes in the 
Construction & Demolition (C&D) Industry generates millions of 
tons of municipal solid waste (MSW) yearly. The material waste 
from these difficult-to-recycle products is a sustainability challenge 
as it contributes to the climate change crisis and results in ongoing 
material strain due to rising consumer demand for new furniture 
and finishes.

Figure 3 shows the existing life 
cycle of furniture, finishes, and  
materials as they relate to the  
Design/Build Industry and C&D  
materials.  
 
There are very few established 
materials reclamation programs in 
effect in the durable goods and  
C&D industries.5 

How can we rework the existing  
life cycle to facilitate design tactics 
that allow for materials reuse  
and reclamation programs as the  
standard operating procedure to  
alter the trajectory of material waste?

Figure 3: Existing Life cycle Diagram of products/materials in the Furniture and C&D Industries
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Within the scope of the thesis exploration, material waste management 
and reuse tactics will be addressed. Disconnects in the recycling process 
will be defined in order to explore leverage points and incentivize 
behavioral change.

The tangible work of this project will be represented as systems  
mapping and a reuse cycle based on material waste that arose during a 
design/build case study exploration using the following materials:
• Wood based construction materials
• Office furniture/cubicles
• Educational desks/chairs
• Collaborative tables/chairs

This thesis work will focus on Sustainable Materials Management (SMM)3 and 
will make a sustainable impact due to the ability to scale the volume of  
materials redirected from the waste stream over time as the sustainable design 
tactics are established and adopted industry-wide.

The objective is to create a phased approach to material reuse in the Furniture 
and C&D Industries and explore a case study example where redirecting 
furniture cast-offs, components, and construction materials can help to define 
the short comings and challenges that designers and manufacturers face when 
creating and reclaiming products.

pg. 8

In the quest to become a certified sustainable designer the author will 
pursue the International Society of Sustainability Professionals Sustainability  
Associate certification (ISSP-SA). Throughout the thesis exploration, the  
designer will explore systems thinking and incorporate a circular economy to 
impact material waste within the designers field. The designer will establish a 
phased approach to material reclamation that showcases their commitment to 
the sustainable sourcing of materials, focusing on longevity, design-for-
disassembly, and the ability to address and adapt to an ever changing world.

As an outcome of this systems exploration, the designer will:
• Better understand material use cycles and material impacts.
• Create opportunity to incorporating the reclaiming of C&D materials for  

reuse.
• Set future goals for the designer's ongoing design tactics.
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It is the goal of this thesis work to explore design tactics, material 
composition, and the effects of consumptive behavior that negatively 
impact potential material reuse and contribute to waste generation 
in the Durable Goods and C&D industries. The result of this thesis 
exploration will outline a phased approach to implement Sustainable 
Materials Management to reduce material waste and benefit users, 
manufacturers, and the environment. 

Thesis Statement
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The core idea of how to address material waste is to focus on challenges 
created by assembly tactics at the product design and production phases. 
Assessing and addressing what barriers exist between material reclamation 
and reuse provides insight into this complex problem of influencing design 
tactics and consumer behavior.

The current lack of established material reclamation services and common 
design and manufacturing tactics do not enable users to disassemble and 
reuse materials or return products for efficient and effective recycling. 

Industry leaders have primarily focused on implementing sustainable  
shipping methods and incorporating recycled materials into current and new 
product lines. While companies such as IKEA and HNI (Hon and  
Allsteel) have begun working to implement furniture reclamation services 
into their business models, these services are not currently offered for all  
existing product lines and are not available nationwide.4 

Taking a page from Sustainable Designer Beth Cosmos' concept of turning 
discarded festival tents into raincoats, the project strategy is to address 
products that have reached their perceived end-of-use cycle or are being  
upgraded from due to aesthetic changes and needs based changes in the  
furniture industry.6 
• Examining connections between the C&D Industry and material waste, 

this thesis work will examine ways to address furniture already in  
circulation and intervene in the system at several leverage points  
throughout the design/build process.

Introduction //
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Project Execution Systems Thinking: This approach focuses on interconnections within the system and 
encourages systems thinkers to explore and embrace these connections. In order to fully 
comprehend and realize the volume of material loss within the existing system, Systems 
Thinking will be employed early on to assess need and establish methods for improvement.10

Life Cycle Thinking: Examines the inputs and outputs of materials and encourages the concept 
that materials acts as food for other facets of the system. The focus of this exploration will be 
to implement scalable techniques for observing waste streams, collecting cast off materials, and 
reintegrating these materials into the system.13

The Natural Step (TNS) : Based on systems thinking, TNS shows that what impacts one part 
of the system affects every part of the system. Visualization occurs through the use of the 
Resource Funnel metaphor and the ABCD Process to explore and maximize system 
conditions.16

Natural Capitalism: Explores ecosystem services and the interactions between 
business and environment. Four interlinked principles incorporate natural and 
biological resources into industrialisation.15

Project Frameworks:

Design Tools:
Lean: Lean Manufacturing is a business model used in manufacturing and C&D  
applications. Lean focuses on adding value by reducing waste and inefficiency.11

Okala Design Wheel: This process of assessing material life spans is simplified by utilizing the 
Okala Impact Factors and Okala Design Wheel found in the Okala Guide. Assessing the impact 
of current practices and material usage in the furniture and construction industries with the  
assistance of the Okala Practitioner supplies the opportunity for a well-established exploration 
of material usage and impact factors of the materials that live within these industries.35

Life Cycle Analysis (LCA) : This is a method for evaluating the environmental impact of  
products and materials throughout their life span. An LCA assesses raw materials,  
manufacturing processes, transportation/distribution, use/reuse, and end of life practices.  

3 Rs: The 3 Rs are a basic guideline to reduce consumption, reuse what is still able  
to be used, and recycle to remove the immediate impact of disposal. Better yet, by  
incorporating +Reclaim and +Reimagine we can take this framework a step further.

The impacts, interactions, and complex 
processes of implementing sustainable 
practices will be better understood with 
the help of established frameworks and 
supplementary design tools.
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Project Deliverables:
• Diagrams and mapping of proposed material reuse cycle using case study materials/ 

products that will show intent and determine feasibility as well as serve as example in 
support of future career endeavors.

• Ground work for an executive summary as a starting point for a future business plan 
portraying a circular design model to disrupt the existing system of furniture disposal by 
providing a materials removal and materials buyback program as an incentive to clients 
and design-build firms to participate.

Project Goals:
• Assess environmental and economic benefits of interrupting the existing system.
• Perform LCA assessments of target materials. 
• Model the proposed circular economy and use systems thinking as a road-map.
• Create a reuse cycle to redirect material waste from the waste stream. 
Project Outcomes:
• Provide a phased approach that offers an alternate endings for the outdated commercial 

and educational furnishings and C&D materials that are being removed and replaced 
within Architecture, Engineering, and Construction (AEC) projects.

• Establish a road-map for reclaiming and re-purposing materials.
• Seek out opportunities for partnerships with local and global architects, interior  

designers, and contractors to facilitate materials requisition process.
• Potential business opportunity to establish future Materials Reclamation Service.

Throughout the course of this exploration, the author will frame the challenge of off-setting 
waste in the Furniture Industry and establish a circular economy to facilitate waste-as-food 
in the Construction & Demolition Industry.
• Desired Impact: Establish circular system to reduce material waste, scale to create  
 model for future successes.
• Key Questions: Where do we intervene in the system? What is the impact? How do we  
 implement these changes?
• Key actions: Follow the frameworks, LCA of case study materials, Establish best  
 methods to intervene in the existing system.
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This process began with the realization that current practices within the author's related field of 
work need to improve, and a plan was devised to explore and address this material waste issue. 
Figure 4 shows a linear approach to this proposed process of thesis exploration.

Project Execution //
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Incorporating materials from the construction and demolition industry became an integral part 
of the actual process due to the impact that the C&D Industry has on replacing Furniture, 
Fixtures, and Equipment (FF&E) as well as the waste produced by discarded construction and 
demolition materials.14 The importance of circling back and reassessing became an even more 
integral part of the process as shown in Figure 5.

Figure 5 - Actual Process of Thesis Exploration

Project Execution //
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Looking at this project through the lens of systems thinking and  
sustainability frameworks, materials waste exploration and real-world  
design challenges can be explored and explained. With the case study as 
an example, an argument can be made for establishing a circular economy 
within the C&D Industry and FF&E Industries where necessary and  
beneficial improvements often come at a high cost but provide lasting  
benefits to the inhabitants of the building that will continue for years to 
come. 

In order to explore how the C&D Industry contributes to Municipal 
Solid Waste production, the author of this thesis explored a Design/
Build project they had previously completed.  

As an example of the current shortcomings of material management in the 
Design/Build industry, the Design/Build Case Study Example project 
faced several challenges (some unable to be addressed at the time of 
project completion). 
Addressed:
• Cost effective material sourcing
• Local availability 

Not Addressed:
• New material demand
• Waste generation in demolition work throughout project
• Lack of available recycling services to reclaim existing materials that 

were removed throughout project

This example project contributed to both MSW and C&D waste. As 
shown in Figure 6, while 12.2 million tons of municipal solid waste was 
being generated from the U.S. furniture industry, 569 million tons of 
waste was being created in the C&D Industry in 2017.3

Waste During Construction Demolition Debris Total C&D Debris

Concrete 24.0 373.0 397.0
Wood Products 3.3 36.9 40.2
Drywall and Plasters 4.3 11.0 15.3
Steel 0.0 4.6 4.6
Brick and Clay Tile 0.3 11.9 12.2
Asphalt Shingles 1.4 13.0 14.4
Asphalt Concrete 0.0 85.7 85.7
Total 33.3 536.1 569.4

Figure 6: C&D Debris Generation by Material and Activity ,2017 (in millions of U.S. tons)

Project Execution //
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Figure 7 below is a breakdown of material waste and material demand  
generated by the previously completed Design/Build case study.

This data only includes furniture and wood flooring waste generation and  
material demand and does not include the balance of the demolition waste,  
construction materials, or additional architectural finishes (carpet, soft  
flooring, paint, electrical, lighting, casework, or fixtures) included in the  
Design/Build project. In calculating the weight of the athletic flooring  
material, it was found that hard maple weighs between 2.55 and 3.10 lbs  
per sq. ft. depending on plank engineering. Wood Waste from athletic floor  
removal weighs between 10,710 lbs and 13,020 lbs.

Round Mobile 
Commons 

Table:

Office short 
cube desk:

Student 
Combo 
Desk:

Existing 
Athletic 
Flooring:

Round Pedestal 
Table:

Rectangle 
Pedestal Table:

Stackable 
Chair:

Stackable 
Stool:

Student 
Chair:

Student Desk: Office Short 
Cube Desk w/ 

Panels:

Updated 
Athletic 
Flooring:

340 lb 410 lb 47 lb 4200 sq.ft. 205 lb 390 lb 16 lb 19 lb 11 lb 37 lb 391 lb 4,200 sq.ft.
x4 x4 x30 x1 x6 x4 x30 x26 x30 x30 x4 x1

Particleboard 
Core 

Particleboard 
Core 

HDPE top 
and seat

Northern 
Hard Maple

Particleboard 
Core 

Particleboard 
Core 

Molded 
PP Shell

Molded 
PP Shell

Molded 
PP Shell

Particleboard 
Core 

Particleboard 
Core 

Northern 
Hard Maple

Laminate Top Laminate Top 16gauge 
steel

Plywood 
Subfloor

Laminate Top Laminate Top 14gauge 
steel 

14gauge 
steel 

18gauge 
steel 

Melamine Top Laminate Top Plywood 
Spacer 

Underlay
14gauge steel 14gauge steel 18gauge 

steel 
3/4" rubber 

padding
14gauge steel 14gauge steel Felt/PC 

glide
Felt/PC 

glide
Nylon 
glide

16gauge steel PC panel Water-based 
finish

PVC edge PVC edge Nylon 
glide

PE Vapor 
Barrier

PVC edge PVC edge Bolts Bolts Rivets 18gauge steel 16gauge steel Pins

Steel casters Bolts Bolts Oil-based 
finish

Felt/PC glide Felt/PC glide PVC edge PVC edge

Rubber Nails Bolts Bolts Nylon glide Bolts
Bolts

Waste Generated by Disposal of Existing Materials Demand Generated by Requisition of New MaterialsMaterial Waste:
• 4,410 lbs. material 

waste.
• Min. 10,710 lbs.  

wood waste.
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Material Demand:
• 6,768 lbs. material 

demand.
• Max. 13,020 lbs.  

wood demand.

The Design/Build Case Study example followed a traditional linear approach 
of "Take, Make, Waste, Repeat".8 Age, condition, and function of existing  
furnishings and materials resulted in creation of material waste and demand for 
new materials. Due to existing material composition, design methods, and  
assembly tactics of manufacturers, not all existing components are able to be 
recycled. 
 
These materials were discarded in waste management dumpsters as a result  
of the scope of work placing responsibility on the client who faced time  
constraints, unclear disassembly instructions, need for interim storage  
space for goods during disassembly/removal process, lack of work force,  
and relocation costs to transport material to recycling facilities.

Figure 7 - Case Study Material Waste and Generation
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Establishing a Circular Economy can phase waste production out of existing 
systems. Mapping the existing life cycle of products and materials (as shown in 
Figure 3 on page 7) shows that the most common end-of-life cycle for these  
materials follows a linear approach. The goal of creating a circular economy 
through this thesis exploration as shown in Figure 8 reflects the core values of the 
Ellen MacArthur Foundation to “...design out waste and pollution, keeping  
products and materials in use, and regenerating natural systems”.8  

To create a true circular economy, the Design/Build process must implement 
the concept of regenerative design in all design practices and processes. 
Regenerative design can provide many holistic and economic benefits to 
consumers and producers alike. “Innovations that foster reuse of resources can, 
for example, make companies less dependent on scarce inputs, increase 
operational efficiency, drive further innovation, and enable new offerings that 
attract customers and deepen existing relationships. It’s been estimated that the 
transition to the circular economy could unlock $4.5 trillion of GDP growth 
worldwide by 2030. The societal benefits are also numerous—making it easier 
to shelter, feed, and clothe the 8.5 billion people expected to inhabit the planet 
by 2030.”9

To apply the Ellen MacArthur Foundation circular economy principle, this thesis 
exploration must:
1. “Design out waste and pollution.”8 - By reducing material waste through reuse 

cycles and using life-safe materials in all future designs.
2. “Keep products and materials in use.”8 - By designing-for-disassembly and  

reclaiming materials to be recycled. 
3. “Regenerate Natural Systems.”8 - By exploring waste-as-food as an answer for 

material scarcity and planning for future composting of materials. 
Figure 8 - Linear vs. Circular Economy

Project Execution //
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While Sustainable Design practices like systems thinking can incorporate establishing circular economies 
to reduce material waste, the construction and demolition industry utilizes a concept called the Lean  
Methodology (Figure 9). Lean focuses on maximizing value for customers by eliminating waste,  
optimizing work flow, proactively planning, and continuously improving techniques. 

Where Lean Methodology and Systems Thinking differ is in the weight placed on core tenants of 
these waste reduction tools.11 Lean focuses on reducing waste to add value by promoting efficiency 
whereas Sustainable Design practices go a step further to reduce consumption of non-renewable resource, 
reduce waste, and promote health and wellness. When it comes to reducing waste in these affiliated  
industries, Lean Engineering and Sustainable Design employed simultaneously address a major source  
of materials and furniture waste by incorporating waste from either industry as food for the other. 
 
This concept was applied in the Design/Build case study through intensive planning and scheduling,  
an accuracy driven approach to materials requisition, and optimizing form and function. Furniture  
manufacturers used did have a Leadership in Energy and Environmental Design (LEED) Partnership  
Program and a closed loop manufacturing process. By ensuring that the furnishings selected in the  
Design/Build Case Study example allowed for disassembly and recycling of materials, future waste  
production is avoided and a circular economy tactic is employed.

• In 2017, 39.6 million tons of wood demolition debris was generated.3 The replacement 
of the gymnasium floor included in the aforementioned case study used FSC certified 
lumber from a specialty hardwood athletic flooring supplier located within 20 miles of 
the educational facility. This material selection aligns with best sustainability practices. 

• What we learn from Lean Manufacturing is that in order to maximize value for the 
customer, an opportunity for improvement would have allowed for the reclamation of 
the demolished gymnasium floor. The original wood should have been assessed and  
reclaimed for projects within the scope of the work to be done within the facility or 
could have been sold locally or donated to the Re-Store to benefit the community. 

Figure 9 - Lean Methodology

Project Execution //
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In order to fully comprehend the complex system of materials management, these steps occurred 
to implement Systems Thinking utilizing the aforementioned case study as an example: 
• Map the system – this step is shown on the next page of this document
• Establish key components – interconnections, boundaries, influences 
• Link connections – systems archetypes (patterns of behavior)
• Rework the system – explore multiple leverage points, build on what emerges

In order to "make Soft Systems Methodology more successful," David Smyth, a member 
of Systems Thinker Peter Checkland's team, proposed the C.A.T.W.O.E. method in the 
1960s.11 which this thesis exploration will use to Examining the Design/Build Case Study 
prior to drawing the system map:

Client - owner of location where construction, demolition, and renovation were to be 
completed, customer demanding product to fulfill a need/want, user of product or space

Actors – designer, architect, engineer, manufacturer, drafter, project coordinator, contractors, 
sales team, customer, user, inspector, waste management, governing body, future generations

Transformation – reduce waste, maximize efficiency, and ensure health/safety of user and 
environment into the future

Worldview – fulfill needs while considering implications of demand and waste 
production cycles

Owner – materials distributors, producer/manufacturer, owner of project, owner of 
concept, customer

Environment – EPA standards, sustainability certifications for materials/designs/projects, 
remediation of hazardous materials, environmental risk management, health/safety, life span

C.
A.
T.
W.
O.
E.

Adding value and reducing waste impacts not only 
the designer and the client but also the following 
stakeholders shown in Figure 10 below. The inner 
circle of Figure 10 shows stakeholders immediately 
impacted by design decisions in the short-term.  
The outer circle represents stakeholders impacted  
as a result of design choices long-term.

Figure 10 - Stakeholders (Perceived Heirarchy)

Project Execution //
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Mapping the existing system is an essential part of understanding areas 
for improvement (leverage points) and impacts.

The boundary of the existing system is Material Lifespan; 
production, use, perceived end-of-life.

Figure 11 - Existing System Map of Furniture and C&D Industries

Project Execution //



By mapping the existing system, it became clear that there were several areas to 
intervene. These areas are called leverage points and were selected due to their 
effect on overall material longevity as individual products and within the overall 
system:
• Consumer mentality impacts perceived end-of-life versus actual end-of-life.
• Consumer behavior impacts material demand and production of new goods.
• Actual quantity of materials discarded in MSW and C&D waste provides  

opportunity for reclamation of materials as food for future material  
production.

• Material composition and assembly tactics impact durability (life span) and 
potential for reclamation.

• Existing end-of-life disposal methods are an area for overall system change.

After assessing leverage points and brainstorming possible solutions (Figure 
12) to improve material longevity within the system, the next step is to explore 
the environmental impact of products and materials throughout their life span 
through the use of life cycle assessment (LCA), Okala Ecodesign Strategies 
and the Okala Design Wheel (see Appendix) found in the Okala Practitioner 
booklet.35

Due to the extensive opportunities for improvement within the system, applying 
the Okala Design Strategies is easily organized using a three-phased approach of 
short-term, mid-term, and long-term goals:
• Short-term: System Longevity: Design for reuse and exchange of product. 

Reduce Behavior and Use Impacts: Encourage Low-consumption behavior.
• Mid-term: Optimize End-of-life: Establish recycling business model. Design 

for fast manual or automated disassembly.
• Long term: Reduce Material Impacts: Avoid materials that damage human or 

ecological health. Use waste byproducts.

pg. 21

Figure 12 - Emergent Solutions to Reduce Material Waste Generation

Project Execution //
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The following strategies were implemented in the Behavior Change LCA:

• Optimize End of Life: Use Recycled, Non-toxic materials.
• System Longevity: Design for reuse and exchange of products.
• Reduced Materials Impacts: Use waste byproducts.
 
As a result of this assessment, it is clear that design tactics and behavior change 
do effect end-of-life material impacts on ecological and human factors.  
 
Additional comparisons of Baseline versus Behavior Change LCAs can be seen 
in the appendix of this document.

To further explore how material selection and reuse impact waste  
production in the Furniture and C&D Industries, a baseline Life 
Cycle Assessment was created using materials from the Design/
Build Case Study Example.  
 
Figure 13 on the left shows the life cycle of the existing educational 
desks that were discarded.  

Once a baseline had been established, the LCA was reworked to  
incorporate Okala Ecodesign Strategies and resulted in a lower  
overall lifespan impact as shown in Figure 14 on the right.

Figure 13 - LCA Baseline Figure 14 - LCA Behavior Change

Project Execution //



The 3 Rs.. or better yet, the 5 Rs: “The 3 Rs:  
Reduce, Reuse, Recycle” are most successful when 
expanded to become the 5 Rs: Reduce, Reuse,  
Recycle, +Reclaim, +Reimagine. The 3 Rs are a  
basic guideline to reduce consumption, reuse what is 
still able to be used, and recycle to remove the  
immediate impact of disposal.36 When designing for  
the long term, how do we keep recycled materials 
from reentering the waste stream? How do we  
reclaim all waste stream materials and reimagine 
these materials to maximize their potential?  Figure 
16 shows the 5 Rs in action. 

pg. 23
Figure 15 - 5 Rs Icon

Project Execution //

EXPLORATION DISCOVERY FUTURE CONSIDERATIONS

REDUCE

Life cycle assessments in the previous 
material analysis phase assess material 

impact using Okala Ecodesign 
Strategies.

Material impact can be cut nearly 
in half by increasing recycled 
content and reducing virgin 

materials and toxic additive use.

Additional Okala Ecodesign 
Strategies being applied could 
further reduce impact. Further 

exploration required outside of the 
scope of this body of work. 

REUSE

The most impactful materials are bulky 
materials and solid structural 

components such as metal and wood 
based components. These materials 
are also prevalent in recorded C&D 

material waste production. 

By shifting production methods to 
avoid toxic materials and designing 
for disassembly, materials will be 

more readily reusable. 

Big Idea: Potential for materials 
removed during demolition to be 
reclaimed and sent to materials 
manufacturers to be integrated 

into materials needed further down 
the Design/Build project timeline? 

Feasibility a concern.  

RECYCLE

Bulky waste is the most infrequently 
recycled material according to the 
EPA.(Source 2). Reasons why: size/ 
weight, convenience, composition.

Design‐for‐disassembly improves 
chance of material recycling due to 

materials ability to be 
disassembled and broken down. 

Redirecting materials back into the 
system of furniture design provides 

opportunity for innovation, 
exploration, and environmental risk 

remediation. 

RECLAIM

Local availability of Reclamation 
Services impacted material waste in 
Design/Build Case Study Example. 

Reclamation process does not run in 
parallel to C&D Industry Standard.

Potential to redirect materials that 
are not typically reclaimed by 

providing a materials reclamation 
service as a facet of the 
Design/Build process.

Develop full business plan proposal 
outside of the scope of this body of 

work. 

REIMAGINE

Ideate reuse cycles for commonly 
discarded materials (wood based 
construction material, cubicle 
components, desks, and chairs),        
implement and document results.

Reuse cycles are ineffective if 
behavior of user and 

designer/manufacturer does not 
facilitate disassembly and 
reintegration of materials. 

A whole systems approach to 
implement a circular economy is 
necessary to facilitate involvement 
at all levels. Modularity in future 

designs.

Embracing the 5 Rs to impact the current, proposed, and future system: 

Figure 16 - 5R s to 5 Rs Impact Chart
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Design-for-Disassembly is a key component of the design and manufacturing process and an 
emergent solution to reducing material waste.  Defining the solution to the issue of material 
waste in the Furniture and C&D Industries is to implement the ideology that every material acts as 
food for another facet of the system. This concept is a core tenant of Life Cycle Thinking. 

William McDonough and Michael Braungart's book put forward a design framework characterized 
by three principles derived from nature: Everything is a resource for something else. In nature, the 
‘waste’ of one system becomes food for another. Everything can be designed to be disassembled 
and safely returned to the soil as biological nutrients, or re-utilized as high quality materials for new 
products as technical nutrients without contamination.”13

By referring to the Design/Build Case 
Study Example, and applying life  
cycle thinking to the existing  
material life cycle, all materials entering 
and leaving the system must be  
intensionally designed to be reclaimed 
to act as food for other facets of the  
system. 

Figure 17 shows proposed system 
changes that design out waste and 
replace existing system activities which 
have been grayed out.  
 
This Proposed Life Cycle Diagram 
aligns with the Design for the 
Environment (DFE) approach to  
assessing the entire life cycle of a  
product from Pre-manufacture,  
Manufacture, Distribution,  
Use/Maintenance, and End-of-Life.37

Project Execution //

Figure 17: Proposed Life cycle Diagram of products/materials in the Furniture and C&D Industries
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Changing consumer mentality and design/manufacturing tactics can impact the 
system as shown through the use of the Natural Step Framework's Resource  
Funnel and ABCD Process.16 Figure 18 shows the Resource Funnel as it  
pertains to Sustainable Materials Management.

The ABCD Analytical Approach provides a pathway to visualizing and implementing 
sustainability.16 Figure 19 focuses on the four elements of the ABCD approach as they 
are applied to the Design/Build Case Study Example.

Project Execution //

Figure 19 - TNS - ABCD Process

Using the Design/Build case study as an example:
• The increased societal demand for materials resulted in the perceived need for new 

furnishings and updated wood athletic flooring.
• A focus on declining life sustaining resources would have required that the existing 

wood flooring be reclaimed and refurbished or recycled and 
reintegrated into other project applications.

• The material should have been broken down and sold or used as project wood for  
students in the wood shop. 

• A future application for these cast off materials could have been to reimagine it as 
waste-as-food for future material sourcing.
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As a result of the thesis exploration, a better understanding of this sustainability 
issue emerged with several key takeaways:

Regarding consumers, as shown in figure 20, there are several barriers to 
consumer involvement in waste reduction but most impactful is recycling  
service offerings and the ability of individual consumers to relocate bulky  
materials. As in the Design/Build Case Study example, a large volume of  
materials and furniture types being removed impacted relocation feasibility. 
Space and ability to disassemble, interim storage space for goods during this 
process, able-bodied movers, and relocation cost to transport  
became a burden to the user.
• Manufacturers can impact this by providing detailed instructions for  

disassembly and information if a recycling/reclamation programs is offered.

While performing impact assessments, it became clear that many materials 
lacked proper labeling, or were an unknown composite material. 
• Designers and manufacturers can address this by clearly labeling all  

materials with industry standard symbols. Establishing on-line materials  
libraries for each manufactured good would also simplify this process for  
the end user.

After researching manufacturing techniques, many companies value  
cost-effective assembly methods as a part of their business model. Unless the  
furniture was flat-packed, these assembly tactics typically include innumerable 
staples, brads, and nails which makes disassembly and reassembly unlikely in 
addition to a lack of clear disassembly instructions for users.
• Design-for-disassembly is vital to this system's success. 

The areas for improvement within this complex system greatly affect  
consumers. It informs the author of this work that driving change on the design 
and manufacturing side has the most potential to reduce waste. Now that the  
existing system has been fully explored, the proposed system can be mapped 
and systems course corrections can be implemented.

Figure 20 - Survey Response

A November 2019 survey created by the author of this work for a 
related collaborative project with a design associate recorded the 
responses of 35 individuals (ages 18-74) with varying educational 
and professional backgrounds.40  
 
All survey questions pertained to the furniture industry and wood 
material waste and how it was handle in each individual's experience. 
Survey responses are referenced throughout the remainder of this 
document to further examine and solve the problem of material waste 
in the Furniture and C&D Industries.



Re-mapping the system using leverage points and discoveries from the frameworks and design 
tools exploration, the following systems map shows how Sustainable Materials Management can 
improve the system and alleviate impact factors from material waste. 

The boundary of the new system is material reuse;
finding balance with material demand.
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Figure 21 - New/Updated System Map of Furniture and C&D Industries



The complexity and integration of material composition and use, design, and  
manufacturing practices within this system requires a multifaceted solution.

Figure 22 shows leverage points from the existing system in gray with negative  
outcomes of the existing system shown below in red. 

The updated systems approach is shown in green and includes all necessary course  
corrections to repair the existing system and mitigate material waste. 

Figure 22 - System Course Corrections
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Project Outcome
Circling back while looking ahead to implement 
Sustainable Materials Management.
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Figure 23 - Stakeholders - Intended Heirarchy

Solving material and environmental problems requires behavior change. Consumer 
behavior is influenced by psychological, personal, and social factors.17 These factors 
influence habits, attitudes, and actions and has immediate and lasting impacts on 
materials, stakeholders, and environments. 

What does Sustainable Materials Management mean to a consumer?
• A report by Harvard Business Review found that consumers, especially Millennials and Generation 

Z, increasingly embrace sustainability but there exists an "intension-action gap" where consumers are 
unable or unwilling to align their interest in sustainable materials and goods with their willingness to 
purchase.18 Offering convenience and  incentives to consumers can encourage a behavior change to 
sustainable practices and purchasing habits.

How does Sustainable Materials Management benefit a manufacturer?
• Implementing a circular economy can cut costs for stakeholders by providing a lower cost for  

sourcing raw materials, less waste creation and remediation, and more efficient processes to reduce 
energy use.19 For Lean Engineering tactics to offer the best value to customers, materials must be 
available and abundant as well as used efficiently. Referring back to The Natural Step funnel, the  
narrow margin for action requires a balance between life sustaining resources and societal demand for 
resources to reduce material cost, material impact, and benefit consumers, stakeholders, and the  
ecosystem.20 
 
How does Sustainable Materials Management impact the economy?

• Participating in a circular economy creates jobs due to the increased demand for laborers including 
materials managers, reclamation workers, manufacturing personnel, and designers. A circular  
economy can also adapt existing jobs to emphasize sustainable design tactics and educate employees 
on implementing life cycle thinking and life safe materials exploration.21

The needs and wants of all stakeholders 
should be taken into account when 
implementing sustainable thinking and 
adapting existing methods of design and 
construction. 

Figure 23 shows an inclusive model of stakeholder 
feedback where all impacted parties are equally 
considered.

Project Outcome //



In order to influence consumer behavior,  
design practices, and manufacturing  
techniques, Transformational Change 
toward sustainability will be implemented 
in a three phase solution as shown in Figure 
24: 

• Short-Term: Facilitate behavior change 
by educating on and encouraging a circular 
economy. Propose material reuse cycles  
(See Figure 24 - Left).

• Mid-Term: Incorporate paradigm shift  
towards consistent design for disassembly to 
enable reclamation services to become the 
standard (See Figure 24 - Center).

• Long-Term: Embrace the 5R standard by  
selecting the right materials for waste-as-
food system and future inclusion of  
composting as a part of the circular system 
(See Figure 24 - Right).
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Transformational Change in the Furniture and C&D Industries means an 
overhaul of current practices and massive changes to processes, design tactics, 
and for users.43 Whole systems exploration illuminated several emergent  
solutions and encourages a phased approach to implementing Sustainable  
Materials Management in the short-term, mid-term, and long-term.

Figure 24 - Phased Solutions

Project Outcome //
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The short-term solution to material waste is to facilitate a behavior 
change by educating consumers and encouraging a circular economy  
(Figure 24 on pg 31) through encouraging reuse of commonly discarded 
furniture and finishes. 

Consumers can actively participate in reducing waste and reusing  
products and materials by rethinking the end-of-use phase and waste  
production. As shown in Figure 25, the survey response displays the  
wide range of perspectives users have about perceived end-of-life  
of materials. Consumers must first understand want vs. need when  
purchasing products and should consider the difference between  
high-priority needs, high-priority wants, low-priority needs, and  
low-priority wants. By establishing and categorizing priorities, consumers 
can rethink demand and reduce waste entering the landfill or incinerator  
to reduce impact on health and environmental concerns of landfill and  
incinerator use: landfill gases such as methane and CO2, chemical  
pollutants and expenses and air pollution as a result of incinerating.27

Figure 25 - Survey Response

Figure 26 shows a behavior change from the original (existing) life cycle 
diagram (Figure 3 on page 7). The short-term solution life cycle diagram  
removes the potential for consistent use of landfill and incineration by instead 
proposing reintegrating materials into the use cycle.

Project Outcome //
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Figure 27 - Component Breakdown 
of Case Study Materials

Parallel industries such as the fashion industry have a well-established  
system of reuse in place to reduce waste.22 Fiber recycling results in  
disassembly of clothing articles that otherwise cannot be worn again. 
Learning from this established system, furniture and furnishes can go 
through the same process of disassembly and reintegration to address  
consumer perception and explore the fundamental difference between  
perceived end-of life and intentional end-of-use.

Figure 27 is a breakdown of disassembly and potential reuse of  
discarded furnishings and materials from the Design/Build Case Study 
example.

Project Outcome //

Discovery: 
Beware of manipulating MDF (medium density fiberboard) especially without  
personal protective equipment as sanding and cutting this material for reuse can release  
the toxin urea-formaldehyde. An EPA study showed that some recycling center are exploring  
fiberboard recycling by applying the broken down material to agricultural lands.39

If Design-for-disassembly and intensional materials are not an integrated tactic of  
designers and manufacturers in the production phase, it is highly unlikely that reuse  
would be possible for the average consumer to implement.

Ways for consumers to reduce material waste:
• Refurbish used furnishings through DIY, manufacturer provided repair service, 

or ask a local professional for help.
• Participate in community/city garage and yard sale events to re-home  

furnishings.
• When purchasing, select sustainable furniture, fixtures, and equipment  

manufactures with health, safety, and sustainability standards using online  
databases such as SPOT from UL or HowGood.com to research.37 38

• Donate items to community outreach programs, the Habitat for Humanity  
ReStore, or local resale shops.

Steps to implement reuse:
• Examine Material Safety Data Sheet and Assembly Instructions on  

manufacturer website for material information.
• Disassemble/disconnect component materials where possible. 
• Recycle all components that have a clearly labeled recycling code (applied by 

manufacturers to identify a material and facilitate successful reprocessing).
• Reuse or re-home as much material as possible.
• Repurpose products and materials and showcase your creativity on social media 

to inspire others to reuse materials.
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Building on the goals that the short-term phase established, the mid-term 
solution phase focuses on Design for Disassembly and Recovery. Design 
for disassembly is the concept that products and buildings are designed 
intentionally to come apart so that the individual components can be 
reclaimed, recycled, or reintegrated into existing and future products and 
buildings. Systems that are able to be disassembled are designed with 
continual reuse in mind.22  
 
The paradigm shift to products and buildings that are able to be 
disassembled, is best accomplished by backcasting as shown in The 
Natural Step framework.16  Backcasting by defining the desirable future 
(in this case, a fully disassembled product or building that is able to be 
reused, recycled, or reimagined) will identify assembly tactics and 
concerns that may arise during the design and reclamation process.

Figure 29 - Mid-Term Solution - Life cycle Diagram
Figure 28 - Survey Response

A majority of survey takers responded that recycling or donating materials was 
not their standard procedure as shown in Figure 28. 

It is imperative for designers and manufacturers to rethink design and assembly 
tactics to make recycling and reclaiming materials the standard operating  
procedure as shown in Figure 29.

Project Outcome //
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Using the EPA Design For Deconstruction Manual and in partnership with Architects, Interior  
Designers, Construction Managers, and Materials Managers in the Manufacturing sector employing 
design-for-disassembly tactics will provide the ground work for a future business model to reclaim, 
recycle, and redirect materials at end-of-use.42 The future goal of the author of this work is to  
establish a business model for a Material Reclamation Service (Figure 30) that will ensure that 
materials are separated at the waste generation source in a service-based sustainability system that 
will redirect waste and facilitate recycling and reuse by providing the following on-site services:
• Support during design phase to ensure that sustainable materials are specified, Design-for- 

disassembly is employed, and materials are tracked throughout project phases.
• Materials sorting bins on job sites and empty-and-return service to provide continuous support 

throughout waste production phases.
• Specialized relocation services to remove and reclaim furniture and furnishings: 

 -For recycling at manufacturer for credit.
 -For removal and relocation of these specialized items for resale.
 -Or for storage, refurbishment, and reuse within project.

It is the responsibility of the designer and 
manufacturer to assume responsibility for 
material life cycles, waste, and reclamation.24 
This can be achieved through applying a 
Design-for-Disassembly Road-map to understand 
product life cycle and plan for reuse of individual 
parts:
• Step 1: Plan for deconstruction - incorporate  

disassembly instructions.
• Step 2: Assess materials - use non-toxic, high quality 

materials that can withstand assembly and disassembly.
• Step 3: Employ reusable/removable connections - use 

joinery, bolts, or screws as apposed to chemical  
binders, welding, and sealants that cannot be separated 
or recycled.

• Step 4: Think modularity - extend a product's use and 
adaptability through modular components and  
consistency across product lines and construction  
applications.

• Step 5: Track materials - implement a materials  
database to account for materials throughout life cycle.

• Step 6: Assume responsibility - reclaim materials 
through reclamation service and reincorporate into 
product lines.

Figure 30 - Reclamation Services
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Discovery: 
Implementing this phase will require the author of this work 
to write a formal business proposal using research data and 
leverage points brought to light by the completed thesis work.
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Successful implementation of short-term and mid-term 
goals lays the groundwork for long-term integration of 
life-safe-materials and the opportunity for material waste 
to act as food for future products and buildings.12 Life-safe 
materials, also known as benign materials, are sustainably 
sourced and free from synthetic sealants (polyurethane),  
chemical adhesives (urea-formaldehyde or formaldehyde), and 
lipids such as waxes and oils containing parabens, phthalates, 
and paraffins. The CDC records environmental chemicals and 
material off-gassing that impact human health and cognitive 
ability due to chemical inhalants.25 Alternatives to chemical 
coatings and sealants are natural sealants free of drying agents 
such as linseed, tung, refined hemp, soy, or walnut oils and 
non-toxic low-VOC adhesives.26

The use of naturally derived materials allow for waste to be 
safely recycled and provides the opportunity for decomposing, 
biodegrading, and composting. Landfills are designed to slow 
the rate of biodegradation and decomposition. It is better  
for the planet - and the economy - to recycle or compost 
used products rather than bury them.27

Materials to utilize to implement biodegrading and  
commercial composting:
• Untreated or naturally sealed wood (lumber, engineered 

wood products)28
• Bioplastic (mycelium-based plastic, PLA, PHA)29
• Natural upholstery (cotton, wool, hemp, bamboo, jute,  

mycelium leather, etc)30
Figure 31- Long-Term Solution - Lifecycle Diagram

Incorporating life-safe materials allows for composting and degrading of materials which 
reduces impact of landfilling and provides nutrients to other materials sources (in 
agroforestry and agricultural applications).31 Figure 31 incorporates composting as a 
consistent facet of Furniture and C&D Industry waste remediation. Composting should be 
done locally to reduce impact of transporting materials.

Project Outcome //
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Focusing on the health and safety of users and the 
environment, and cost savings that can be achieved 
through efficient material use by adopting waste-as-food 
as a method of production, the connection between 
business and the environment can be realized. 

This concept is referred to as Natural Capitalism, 
which focuses on the value of ecosystem services and 
the connection between business and environment, 
where customers are more satisfied, profit margins are 
increased, and environmental concerns are reduced or 
removed.32 

Human, financial, manufactured, and natural 
capital are a byproduct of the systems changes 
and phased solutions to the issue of material 
waste in the Furniture and C&D Industries.

Figure 32- Applying Natural Capitalism

The three-phased approach proposed by this thesis work addresses the issue of 
material waste within the Furniture and C&D Industries by meeting the four 
tenants of Natural Capitalism as shown in Figure 32:

Project Outcome //
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MSW and C&D waste production diminish as consumer mindset 
adapts to no longer acting on perceived end-of-life and as product 
and material manufacturers shift to a design-for-disassembly  
model and focus on waste-as-food in material sourcing and  
production. 

In future applications, material waste created by projects such as the case 
study referenced in this document, will seamlessly incorporate life-safe  
materials designed to be reclaimed, disassembled, and composted or reused as 
components for future products. As shown in Figure 33, a majority of survey  
respondents had not previously considered material waste in the Furniture and 
C&D Industries but as shown in Figure 34, respondents are interested in  
Sustainable Materials Management and would participate in or implement  
sustainability services. 

The Sustainable Furnishings Council explored consumer trends in a Green 
Home Furnishings Consumer Study where: 72% of respondents were concerned 
about climate change with 4 in 10 respondents feeling directly affected. Women 
respondents were concerned about indoor air quality and all respondents were 
willing to pay up to 10% more for certified sustainably sourced products.33 

Grand View Research, Inc. finds that the market for sustainable furniture and 
building design continues to expand with projections for market growth  
reaching $59.8 billion by 2027.34 This continued growth and increased demand 
occurs as Millennial and Generation Z consumers advance to become the  
consumer base. These projections show how design, manufacturing, and  
construction tactics and impacts effect current and future generations who  
increasingly demand sustainable material management, health-conscious and 
safe material composition, and an increased focus on reclamation and waste  
reduction to maintain cost while reducing impact.

Figure 33 - Survey Response

Figure 34 - Survey Response
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This thesis work explored design tactics, material composition, and the effects of consumptive 
behavior in the Furniture and Construction & Demolition Industries. The thesis exploration 
found that establishing a circular economy was the best method to reduce material waste in 
these interconnected industries. The author proposed that due to the complexity of this system, a 
phased approach is most effective to drive behavior change for the consumer as well as on the 
design and production side. 

The phased approach to reducing material waste and consumptive tendencies was determined to 
be practical and attainable by enacting short-term, mid-term, and long-term changes to existing 
methods of production and disposal. The short-term goal of aiding consumers in reusing 
material is made possible by addressing mid-term changes to manufacturing techniques and 
designing with disassembly in mind. Empowering consumers to participate in waste reduction 
through the establishment of materials reclamation services provides an effective method of 
redirecting material waste at all levels. Addressing material composition and production 
methods facilitates the implementation of future material composting programs. The use of 
life-safe materials improves the health and wellness of users and provides waste-as-food for the 
future production of raw materials and products. 
 
By improving design, manufacturing, and disassembly tactics to facilitate materials reclamation 
and reintegration cycles, achieving zero waste is possible.
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Conclusion
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Next Steps: Following up this exploration with action, the author will put into practice the design 
tactics and knowledge gained by the research, data, and techniques explored here in their  
industry and career endeavors. The next step is to write a formal business plan for the 5Rs  
Materials Reclamation Service to put Sustainable Materials Management in action and fulfill a 
need for holistic SMM tactics.3 In the future, employing waste-as-food strategies through  
composting material waste will create nutrients for producing raw materials, so that the impact 
of raw materials sourcing can be reduced. Further exploration into material composition will  
occur as the author of this work designs and redesigns products and furnishings. 

Challenges to implementing these system changes include:
• Materials already in circulation that cannot be reclaimed or recycled due to existing  

assembly tactics, chemical adhesives, composite materials, and current status of materials  
located in landfills that are not currently being reclaimed through landfill mining. 

• Barriers to stakeholder involvement including upfront cost to implement production tactics, 
consumer awareness of environmental and health concerns of current material use, and  
lack of governing oversight and regulation to ensure tactics are employed properly.

• Impact of transportation and processing of materials due to their size, weight, and  
composition. 

In light of these challenges, the health and environmental impacts of mitigating waste in the  
Furniture and C&D Industries are worth addressing due to the vast opportunity for innovation 
and improvement.
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• AGROFORESTRY -  type of agriculture that incorporates planting and conservation of 
trees in addition to cultivation of crops and livestock farming. Focuses on interconnected 
ecosystems with environmental, economic, and social benefits. 

• ARCHITECTURAL FINISHES - Non-structural elements, i.e. doors, windows, lighting, 
wall treatments (plaster, wood, wallpaper, paint, tile, cladding, decorative elements, acoustic 
paneling), ceiling treatments, decorative columns, plumbing fixtures. 

• BIODEGRADE - Breaking down via a biological action, usually involving microorganisms. 

• CDC - Center for Disease Control. 

• CIRCULAR ECONOMY - Economic system that eliminates waste and reuses resources. 

• CONSTRUCTION & DEMOLITION WASTE - Material waste resulting from the  
construction, demolition/destruction, rehabilitation, or repair of man-made physical  
structures.  

• COMPOST - Natural process of recycling organic materials that would otherwise be  
regarded as waste products. 

• DECOMPOSE - Break down into original components. 

• DESIGN/BUILD - One entity works under contract for design and construction services. 

• DURABLE GOODS -  Products with a lifetime of three years of more that are often over-
sized and bulky such as furniture and furnishings. 

• FF&E - Furniture, Fixtures, and Equipment. 

• LANDFILL MINING - Reclamation process where landfilled materials are excavated and 
reprocessed. Includes removing hazardous material and treating landfill location to recover 
combustible material and recyclable materials. 

• LIFE-SAFE-MATERIALS: also known as benign materials, these materials are  
biodegradable and can be returned to the ecosystem due to avoidance of synthetic  
coatings and chemical finishes.

Glossary Of Terms
• MUNICIPAL SOLID WASTE - Discarded items such as packaging, appliances, batteries, 

furniture, clothing, bottles, food scraps, organic matter. Also known as trash, garbage,  
refuse.  

• OFF-GASSING - Release of airborne particulates/chemicals from common household  
products, furnishings, and construction materials. 

• REMEDIATION - removal of pollution or contaminants from environment such as soil, air, 
groundwater, sediment, and surface water. 

• SUSTAINABLE MATERIALS MANAGEMENT (S.M.M.) - Requires focusing on life 
cycle of product, time of production, use, reuse, recycling, and discarding product and 
material. The goal of SMM is to reuse materials in the most efficient and sustainable way 
throughout their life cycle and ensure that resources are conserved, waste is reduced, and 
environmental impact is addressed.5 

• URBAN WOOD WASTE - includes sawn lumber, pruned branches, stumps, trees from 
street and park maintenance, used lumber, shipping pallets, trees, branches, wood debris 
from construction and demolition work. 

• V.O.C. - stands for Volatile Organic Compound. These are organic chemicals with a high 
vapor pressure that have short and long term adverse health effects.
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The following diagrams from the E.P.A. "Advancing Sustainable  
Materials Management" Fact Sheet show material waste in  
millions of tons in the Furniture and C&D Industries.1 

Linear trends in figure 1 show yearly incremental growth in  
documented material waste while rates of recycling and  
composting material remain stagnant.

Management 
Pathway

1960 1970 1980 1990 2000 2005 2010 2015 2016 2017

Generated 2,150,000 2,830,000 4,760,000 6,790,000 8,120,000 9,340,000 10,820,000 12,050,000 12,210,000 12,210,000

Recycled - - - - - - 10,000 10,000 30,000 40,000

Composted - - - - - - - - - -

Combustion 
with Energy 
Recovery

- - 90,000 1,150,000 1,570,000 1,700,000 1,910,000 2,350,000 2,380,000 2,380,000

Landfilled 2,150,000 2,830,000 4,670,000 5,640,000 6,550,000 7,640,000 8,900,000 9,690,000 9,800,000 9,790,000

Figure 1: 1960-2017 Data on Furniture and Furnishings in MSW by Weight (in millions of U.S. tons)

Waste During Construction Demolition Debris Total C&D Debris

Concrete 24.0 373.0 397.0
Wood Products 3.3 36.9 40.2
Drywall and Plasters 4.3 11.0 15.3
Steel 0.0 4.6 4.6
Brick and Clay Tile 0.3 11.9 12.2
Asphalt Shingles 1.4 13.0 14.4
Asphalt Concrete 0.0 85.7 85.7
Total 33.3 536.1 569.4

Figure 6: C&D Debris Generation by Material and Activity ,2017 (in millions of U.S. tons)



In 2016, a public school district in the Upper Peninsula of Michigan proposed updates to existing  
educational facilities in order to provide a more effective learning environment for students in the 
district. Improvement included partially remodeling, furnishing and refurnishing, equipping and 
re-equipping the high school and elementary school; constructing, equipping, developing and  
improving athletic/physical education facilities, in part for a new running track, play fields and  
playgrounds; and developing and improving the sites. The community agreed that the addition and 
renovation work would add value to the community so the bond issue of $2,770,000 was approved 
and work began. 

As a part of an expansive multi-phase project, building safety/security, structural integrity, energy  
efficiency, and educational and collaborative spaces were reworked to provide a safer and more  
inclusive learning environment for all students through the following methods:
• New educational furnishings for classrooms: student desks and seating, collaborative worktables, 

soft seating, cubbies for storage.
• Improvements in insulation, building utilities, and added sound dampening products to improve 

building utility efficiency and reduce noise transition between classrooms. 
• Collaborative commons area for after school activities: outfitted new commercial kitchen  

equipment, seating for 100+ people, new technology spaces and equipment
• Rework of office spaces and integration of a sales storefront for educational and sports related  

merchandise. 
• Rework to gymnasium/physical activity spaces to provide student with a safe and healthy  

environment for physical activity (improved locker room layouts and equipment, new storage  
racks for sports equipment, and new seating layouts and assemblies for events)

• Improvements to the facade, parking areas, and passageways to improve accessibility and safety. 

These necessary and beneficial improvements came at a 
high cost but provide lasting benefits to the inhabitants 
of the building that will continue for years to come. 

The design challenges the project overcame can shed 
light on the material waste production of the  
construction and demolition industry and dive deeper 
into the challenges that come with replacing commercial 
and educational furnishings. This case study will shed 
light on challenges faced by the design industry as it 
pertains to furnishings and finished used in construction 
and demolition projects.
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The following is more information about the Design/Build Case Study 
example that was used to define and assess material waste and impact:
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Okala Product Life Cycle Model:
Establish and meet future goals

The following diagrams are found in the Okala Practitioner.35 Using 
the Okala Product Life Cycle Model and Ecodesign Strategy Wheel to set 
goals and rethink current design tactics, LCA was performed to addressed 
raw materials, manufacturing processes, transportation/distribution, 
use/reuse, and end-of-life practices. The Okala design tools allow for 
the exploration of material, design strategies, and impact factors of 
these industries. 

The strategies shown in green boxes on the Ecodesign Strategy Wheel 
were used when running Life Cycle Assessments.

Appendix C
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Educational Chair Analysis: Life Cycle Assessments were completed using the  
ecolizer online LCA tool. Baseline assessments were created and then contrasted with  
updated LCAs that show sustainable materials management strategies employed in  
material use and product generation. 

Production methods and material composition had the biggest impact and provided an  
area for improvement.
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Education Desk Analysis: Life Cycle Assessments were completed using the ecolizer  
online LCA tool. Baseline assessments were created and then contrasted with updated 
LCAs that show sustainable materials management strategies employed in material use  
and product generation. 

Production methods and material composition had the biggest impact and provided an area 
for improvement.
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Office Desk/Short Cubicle Analysis: Life Cycle Assessments were completed using the  
ecolizer online LCA tool. Baseline assessments were created and then contrasted with  
updated LCAs that show sustainable materials management strategies employed in  
material use and product generation. 

Production methods and material composition had the biggest impact and provided an area 
for improvement.
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C&D Wood Waste Analysis: Life Cycle Assessments were completed using the ecolizer 
online LCA tool. Baseline assessments were created and then contrasted with 
updated LCAs that show sustainable materials management strategies employed 
in material use and product generation. 

Production methods and material composition had the biggest impact and provided 
an area for improvement. Calculation based on three layers of material at 4,200 sq. ft.
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Establishing a circular economy using a three phased approach is  
shown through shifting from a traditional Linear Economy to a  
circular economy where materials and design practices encourage  
reuse and reclamation.8
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Short-Term Phased Solution: 
Behavior Change to reduce  

demand and rethink perceived 
versus actual end-of-life.  

Encourage user refurbishment 
or re-purposing of goods and 

materials

Mid-Term Phased Solution:  
Address design and  

manufacturing tactics to  
incorporate Design-for- 

Disassembly and establish  
Materials Reclamation Service 

business model.

Long-Term Phased Solution: 
Explore untapped potential to 

compost materials by  
addressing material selections 
to create natural capital and 

waste-as-food for future  
material production. 
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The following diagrams from the Natural Step sustainability  
framework, are used to understand resource availability and the  
ecosystem's ability to provide essential services.16 

Implementing sustainable materials management and following  
the ABCD approach allows designers to find a balance between  
declining life sustaining resources and increasing societal  
demand for resources.
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"In the sustainable society, nature is not subject to systematically increasing:
1. concentrations of substances extracted from the Earth's crust,
2. concentrations of substances produced by society,
3. degradation by physical means and, in that society...
4. people are not subject to conditions that systematically undermine their 
capacity to meet their needs."16
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The following is a side-by-side comparison of the Original Life Cycle Diagram 
and the Proposed Life Cycle Diagram. 

These diagrams were created based off of EPA data about material life cycle and 
product and material end-of-use as well as related project examples within the 
author's industry and research into comparative models.1
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Original Life Cycle Diagram: Proposed Life Cycle Diagram:
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The following is a side-by-side comparison of the Phased Approach Life Cycle 
Diagrams. These diagrams were created based off of proposed phased solutions 
to integrate Sustainable Material Management.3
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Short-Term Phased Solution: 
Behavior Change to reduce demand and 

rethink perceived versus actual  
end-of-life. Encourage user refurbishment 

or re-purposing of goods and materials

Mid-Term Phased Solution:  
Address design and manufacturing tactics 

to incorporate Design-for- 
Disassembly and establish Materials  
Reclamation Service business model.

Long-Term Phased Solution:  
Explore untapped potential to compost  

materials by addressing material selections to 
create natural capital and waste-as-food for 

future material production. 
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A November 2019 survey created by the author of this work for a related  
collaborative project with a design associate recorded the responses of 35  
individuals ages 18-74 with varying educational and professional backgrounds.40 
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All 10 survey questions pertained to the furniture industry and C&D 
waste and how it was handle in each individual's experience. 
Several survey responses are referenced throughout the document to 
further examine and solve the problem of material waste in the durable 
goods and C&D industries.
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The following are diagrams of waste stream material 
breakdowns using discarded products and materials from 
the Design/Build Case Study example. Product data sheets 
and materials databases are useful to establish material 
composition and ability each components ability to be 
recycled.37 38 39 

The chart on the right shows recycling codes and typical 
material uses by product.41
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Sustainable Materials Management as shown through proposed business  
the concept "5Rs Material Reclamation Service" will follow the EPA  
Design for Deconstruction (DFD) manual and provide support for  
employing design-for-disassembly tactics in products and furnishings.42

"EPA Deconstruction strategies:
• Maximize clarity and simplicity
• Minimize building complexity
• Minimize different types of materials
• Minimize number of components (fewer, larger elements)
• Minimize number of fasteners (fewer, stronger fasteners)
• Use mechanical fasteners in lieu of sealants and adhesives
• Simplify connections
• Make connections visible/accessible
• Separate building layers or systems
• Disentangle utilities from structure
• Use materials worth recovering
• Minimize toxic materials
• Minimize composite materials
• Use of modular building components/assemblies
• Provide access to components/assemblies (windows, etc)
• Provide access or tie-offs for work at height
• Accessible information:
 • Construction drawings & details
 • Identification of materials and components
 • Structural properties"42
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According to the EPA, in order for DFD to be successful, there is a need for 
skilled deconstruction specialists and preliminary design tactics employed to 
facilitate DFD. "There must be an infrastructure of contractors skilled in  
deconstructing buildings, the cost of deconstruction and the recovered materials 
must be competitive with alternatives, and there must be a market for the  
recovered materials.  
Some of the key factors determining if buildings are deconstructed  
include:
• The local cost of landfill tipping fees
• The local cost of labor and equipment
• The ease of disassembly which affects labor cost
• The value of the materials recovered
• Having adequate time available for deconstruction"42
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Grand View Research, Inc. finds that the market for sustainable  
furniture and building design continues to expand with projections 
for market growth reaching $59.8 billion by 2027.34 

The following graphs and charts reflect their market research in this 
sector and show scope of analysis, findings, and projected growth:
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