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Abstract
2020 is the first year that all mass embedded in human-made products has surpassed the amount of 

biomass on our planet (Oxman 2020). Even so, the demands for raw materials are still increasing, when 

almost one fourth of the materials extracted worldwide end up as waste (OECD 2015). While there is a call 

for sustainably reusing site design materials, it is difficult for landscape architects to respond to the call 

without having a material selection process that optimizes reusing and recycling materials. However, this need 

for a material selection process for landscape architects can be realized through “circular design”. Circular 

design has successfully been used in architecture and product design to help reduce project costs, emissions, 

waste and pollution. Yet in landscape architecture, the use of  circular design is not wide spread. 

To answer the question “how can a circular design process guide material selection in site design, 

and what are the tradeoffs when it is compared to existing linear and sustainable processes,” this research 

proposed a circular design process for material selection in site design and applied it to the plaza design of 

MLK Jr. Square Park in Kansas City, Missouri. The proposed circular design process was generated from 

a comparative study of the existing best practices of circular design in other disciplines and from existing 

guidelines for sustainable materials selection. By applying the linear, sustainable, and circular design 

processes, three material palettes and plaza designs were created to illustrate the tradeoffs between each 

material selection process. 

The results reveal both the benefits and shortcomings of the proposed circular design process for 

material selection in site design. The proposed circular design process requires more time and effort during 

project management, design, and construction phases than the linear and sustainable processes do. While the 

sustainable process addresses a wide range of environmental impacts such as reducing waste, stormwater 

runoff, urban heat island effect, and volatile organic compounds, the circular design process prioritizes 

waste reduction and resource conservation. Although the application of the circular design process for 

material selection in site design is challenging, due to the uncertainty of available recycled materials and 

the limited tolerance of irregular design elements, it performs best in reducing waste, energy and resource 

consumption. And because circular design prioritizes the use of recycled, reused, and repurposed materials, it 

also has a strong potential to reduce environmental impacts associated with material extraction, processing, 

manufacturing, and disposal. 
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In the fall 2020 semester, my Master’s Project Studio focused on Martin Luther King Jr. Square Park 

in Kansas City, MO. As a studio, our collective efforts result in a site master plan, an activation strategy, event 

programming, and a funding and management strategy. Through those efforts my particular topic on material 

selection for site design emerged.

The motivation for this research stems from the concerns of waste and resources scarcity due to 

materials used in construction of the built environment. Landscape architects design with both natural and 

manmade materials, making materiality decisions for extraction methods, pre-consumer manufacturing, 

transportation distance, construction practices, use, maintenance, and post-consumer recycling and repurposing. 

I am driven to investigate how landscape architects can make material selection that saves the existing resources 

and reduces environmental damage. 

This research was inspired by reading about the concept of circular design and from the book “Materials 

for Sustainable Sites” by Meg Calkins. While sustainable materials considerations address the environmental 

and human-health impacts resulting from all stages of a materials’ life-cycle, circular design considerations 

focus on extending a materials’ end-of-life by reusing and recycling. This research investigates the potential of 

using circular design to guide material selection in site design and its relative merits. 
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Abstract
2020 is the first year that all mass embedded in human-made products has surpassed the 

amount of biomass on our planet (Oxman 2020). Even so, the demands for raw materials are still 

increasing, when almost one fourth of the materials extracted worldwide end up as waste (OECD 

2015). While there is a call for sustainably reusing site design materials, it is difficult for landscape 

architects to respond to the call without having a material selection process that optimizes reusing 

and recycling materials. However, this need for a material selection process for landscape 

architects can be realized through “circular design”. Circular design has successfully been used in 

architecture and product design to help reduce project costs, emissions, waste and pollution. Yet in 

landscape architecture, the use of  circular design is not wide spread. 

To answer the question “how can a circular design process guide material selection in 

site design, and what are the tradeoffs when it is compared to existing linear and sustainable 

processes,” this research proposed a circular design process for material selection in site design 

and applied it to the plaza design of MLK Jr. Square Park in Kansas City, Missouri. The proposed 

circular design process was generated from a comparative study of the existing best practices of 

circular design in other disciplines and from existing guidelines for sustainable materials selection. 

By applying the linear, sustainable, and circular design processes, three material palettes and plaza 

designs were created to illustrate the tradeoffs between each material selection process. 

The results reveal both the benefits and shortcomings of the proposed circular design 

process for material selection in site design. The proposed circular design process requires more 

time and effort during project management, design, and construction phases than the linear and 

sustainable processes do. While the sustainable process addresses a wide range of environmental 

impacts such as reducing waste, stormwater runoff, urban heat island effect, and volatile organic 

compounds, the circular design process prioritizes waste reduction and resource conservation. 

Although the application of the circular design process for material selection in site design is 

challenging, due to the uncertainty of available recycled materials and the limited tolerance of 

irregular design elements, it performs best in reducing waste, energy and resource consumption. 

And because circular design prioritizes the use of recycled, reused, and repurposed materials, it 

also has a strong potential to reduce environmental impacts associated with material extraction, 

processing, manufacturing, and disposal. 
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List of Key Terms

Biomimicry: a concept that inspires design solutions from nature, demonstrating how ecological concepts can 
create strong, durable and intelligent materials with no waste and less energy.

Circular Design: circular design is not formally defined due to its high adaptability to various design disciplines. It 
is part of the circular economy thinking. The general principle of circular design is design of a closed-loop system 
where resources are continuously cycled in various forms. The core principle of circular design and circular 
economy is material recycling, reusing, and repurposing. 

Circular Economy: an idea of using resources based on a circular model of production and growth instead of a 
highly consumptive and wasteful linear model. This is a fundamentally new way of looking at resources; a way that 
enable the uncoupling growth from the use of new resources by extending the life-cycle of existing resources – 
either by keeping them in their first use phase or by bringing them back into circulation in a new way. 

Closed-Loop System: a system with continuously cycling activities where the outputs feedback into inputs in a 
constant cycle.

Cradle to Cradle (C2C): a holistic concept that maintains resources by reusing and recycling them after in the 
future. 

Composite Materials: a material produced from two or more constituent materials with different chemical or 
physical properties. For example, concrete is a composite material, and its components are sand, aggregates, 
water, and cement.

Deconstruction: dismantling buildings/structures with the goal of maximizing material reuse potential by preserving 
the demolished fragments.

Demolition: knocking down buildings/structures.

DFD (Design for Disassembly): a design concept that facilitate future dismantle, deconstruction, and recovery of 
the used materials and components. DFD involves making provisions for the reusing and recycling of its parts.

Feedstock Selection: selecting materials based on where they come from, or how they are sourced.

Finite/Technical Material: materials that are usually man-made and not renewable in nature. Examples include 
glass, plastic and brick.

Homogeneous Material: having a uniform composition and in theory not able to be separated mechanically into 
distinct materials. For instance, plastic that is dyed contains just one homogeneous material because it is made of a 
combination of polymer and dye materials that are microscopically intertwined, thus making mechanical separation 
impossible.



vi

Industrial Ecology: an industrial system that is designed like an ecosystem, where the wastes of a species can be 
resource to another species.

Man-made Material: a material that has been heavily processed in a scientific lab. Examples include plastic, 
polyester, steel and rayon.

Material: substances of something composed or made; both living and non-living matter that can be categorized by 
their use, structure, or properties.

Material Life-cycle: include raw material acquisition, primary processing and refining, manufacturing, product 
delivery, construction, use, and maintenance, final disposition.

MSDS (Material Safety Data Sheet): required by the U.S. Occupational Safety and Health Administration (OSHA) 
for all products, and sometimes used globally, and is designed to address occupational safety only and provide an 
incomplete assessment of the chemical hazards in a product.

Raw Material: material sourced from nature. Examples include stone, cotton, soil, and wood.

Regenerative Design: a process to restore, renew and regenerate their own sources of energy and materials in a 
continuous feedback loop.

Renewable/Organic Material: usually biomass or materials that are naturally renewable, examples include trees, 
crops and water.

Spheres of the Circle: referring to the renewable/organic material sphere and the finite/technical material sphere 
that make up the circle of circular design. 

VOCs: violatile organic compounds 



INTRODUCTION
Ch. 1



A Circular Design Process for Material Selection in Site Design | Ch.1 Introduction 1

1. INTRODUCTION
1.1 The Dilemma of Construction Materials

Materials used to construct sites, buildings, and infrastructure typically include: concrete, asphalt, wood, 
metal, plastic, stone, gravel, sand, glass, brick, and, soil. The extraction, production, processing, and 
transportation of construction materials lead to numerous environmental and human health issues. The 
construction material industry consumes over 50% of natural resources worldwide (Horvath 2004), while 
material transportation and manufacturing contributed to 50% of total U.S. greenhouse gas emission in 
2018 (EPA 2020). As urbanization continues to expand, the construction material industry is estimated 
to consume one-sixth of the worldwide freshwater reserve, two fifths of global energy, and generate 
30% of the total waste worldwide (Hanafi et al. 2020). The following is a list of the major environmental 
and human health concerns and their linkages to the construction material industries (Calkins 2009):  

1. Global Climate Change
Linkages to construction materials: greenhouse gas emissions from energy use, non-fossil 
fuel emissions from material manufacture (e.g., cement production, iron and steel processing), 
transportation of materials, landfill gases.
2. Fossil Fuel Depletion
Linkages to construction materials: electricity and direct fossil fuel usage (e.g., power and 
heating requirements), feedstock for plastics, asphalt cement, and sealants, solvents, and 
adhesives.
3. Stratospheric ozone depletion
Linkage to Construction Materials: emissions of CFCs, HCFCs, halons, nitrous oxides (e.g., 
cooling requirements, cleaning methods, use of fluorine compounds, aluminum production, steel 
production).
4. Air Pollution
Linkage to construction materials: fossil fuel combustion, mining material processing, 
manufacturing processes, transportation, construction, and demolition.
5. Smog
Linkage to Construction Materials: fossil fuel combustion, mining material processing, 
manufacturing processes, transportation, construction, and demolition.
6. Acidification
Linkage to construction materials: sulfur and NOx emissions from fossil fuel combustion, 
smelting, acid leaching, acid mine drainage and cleaning.
7. Eutrophication
Linkage to construction materials: manufacturing effluents, nutrients from fossil fuel combustion, 
smelting, acid leaching, acid mine drainage and cleaning.
8. Deforestation, desertification, and soil erosion
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Linkage to construction materials: commercial forestry and agriculture, resource extraction, 
mining, and dredging.
9. Habitat Alteration
Linkage to construction materials: land appropriated for mining, excavating, and harvesting 
materials. Growing of bio-materials, manufacturing, waste disposal.
10. Loss of Biodiversity
Linkage to construction materials: resource extraction, water usage, acid deposition, and 
thermal pollution.
11. Water Resource Depletion
Linkage to construction materials: water usage and effluent discharges of processing and 
manufacturing.
12. Ecological Toxicity
Linkage to construction materials: solid waste and emissions from mining and manufacturing, 
use, maintenance and disposal of construction materials.

One of the leading causes of the aforementioned issues is that the construction industry typically engages in 
the linear process for material selection and use. The linear process for material selection and use is based 
on a ‘take-make-dispose’ process (IGI 2021). This process involves collecting raw materials as resources, 
transforming them into goods, distributing and using them as products, and disposing them as waste (IGI 
2021). Each phase in the linear process leads to multiple environmental and human health impacts, and 
consumes a significant amount of fossil fuels, water and raw materials [1.11]. 

Figure 1.11 Material in a linear life. Informed by McDonough et al. 2002 and OECD 2015.
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Figure 1.12 explains each phase of a material’s life-cycle in the linear process and related environmental and 
human health impacts.

Figure 1.12 Phase of material's linear life-cycle and related environmental and human health impacts. Adapted from Calkins 2009 
p.25-27 Table 2-6.

Phase of Materials’ 
Life-cycle Introduction Environmental and Human 

Health Impacts

Extraction
Raw Material Acquisition

‘Start of Life’

Raw materials that are available for 
immediately use without additional processing 
and are rarely found in nature. 
Acquiring raw materials involves removing 
layers of earth and drilling which requires 
enormous amounts of water and energy 
(Gesimondo 2011). 
A common example of raw material acquisition 
is stone extracted from the earth by subsurface 
mining and quarrying.

The process of raw material acquisition, if 
not managed properly, can destroy physical 
and ecological systems, and can release 
emission and waste into the air, land and 
water.

Processing
Primary Processing and Refining

Most raw materials require some degree of 
milling, cutting or curing prior to manufacturing.  

This process is energy and waste intensive.
For example, the waste to metals ratios 
during the iron and aluminum primary 
processing is 3:1 (Dalquist et al. 2004). 
Moreover, to produce 1kg usable aluminum 
from the raw material uses 12kg input 
materials and release about 15kg CO2 
(Duflou et al. 2012).

Manufacturing
Secondary Fabrication, Assembly 

and Finishing

Manufacturing includes any secondary 
processing such as fabrication, assembly and 
finishing. 
This process has fewer impacts partially 
because a lesser amount of materials is 
being handled. Manufacturing uses additional 
materials such as solvents for bonding, 
finishing and coating.

Some of these additional materials might 
contain toxic constituents and release 
volatile organic compounds (VOCs). The 
result from this process directly affects 
human safety and wellness.

Distribution
Product Packaging & Delivery

Product delivery includes packaging and 
transportation among extraction point, 
manufacturer, distributor, site and disposal 
point.

This process contributes to a large amount 
of greenhouse gases (VOCs, CO2, CO, 
particulates and sulfur and nitrogen 
compounds) emission and fossil fuel 
consumption (EPA 2009). 
Freight emission accounted for 53% of the 
total global greenhouse gases emission in 
2005 (EPA 2009).

Installation
Construction, Use and 

Maintenance

This phase is also when most designers start 
interacting with the materials. Designers are 
recommended to have a plan for the expected 
life-time, quality, assembly and disassembly 
methods, and re-usability of the ‘product’.

This phase is highly exposed to users for 
a long period of time, thus it is critical to 
consider its environmental and human 
health impacts.

Disposition
‘End of Life’

The final disposal points of materials include 
landfills, incinerators, and manufactory of 
material reuse, reprocessing or recycling.

Waste ends up in landfills and incinerators 
release CO2 and methane, which are both 
greenhouse gases. Landfills that contain 
harmful non-degradable particles pollute 
water and soil.
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Most significantly, the ‘end of life’ for materials in the linear process is that they end up as waste, to be 
managed primarily by landfilling or incineration, which furthers pollution. The primary concern for materials 
in the linear process is that they are not designed or constructed in ways that allow them to be reused or 
recycled in the future (a concept sometimes referred to as design for disassembly). Materials in the linear 
process can be difficult to recycled, or sometimes they can’t be recycled at all (Green 2020). Therefore, it is 
critical for the construction industry and related design professionals to adapt a better alternative to the linear 
process.

To find an alternative to the linear process of selecting and using construction materials, designers have 
started to establish theories and practices that examine materials in all stages of their ‘life-cycle’ to identify 
and reduce negative environmental impacts. As a result, a circular process that turns waste (the output) into 
the resources (the input) for another use emerged [1.13]. In the circular process, a material’s life extends in 
a continuous cycle [1.13].

Figure 1.13 Material in a Circular life. Informed by McDonough et al. 2002, OECD 2015, and Vind 2019.

Compared to the linear process, the circular process promotes design, construction, and the use of materials 
in ways that they can be reused or recycled. Additionally, the circular process includes strategies to reduce 
waste and pollution in all phases of a material’s life-cycle (Vind 2019). This idea of reducing waste, cost, 
pollution and other environmental impacts by handling materials in a circular process has become a 
fundamental concept of the circular economy [1.14]. According to the Ellen MacArthur Foundation, a circular 
economy is a concept of utilizing resources in which the resources can be used for as long as possible–either 
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by keeping them in their first use or by bringing them back into the cycle as a new form (Ellen MacArthur 
Foundation 2013). This circular economy concept has been developed into a circular design approach that 
centers on material reusing and recycling (London Design Festival 2020). In otherwords, circular design is a 
design process that prioritizes the use of recycled materials, and optimizes materials’ capacity to be reused 
or recycled at their ‘end of life’. 

Figure 1.14 Circular Economy Diagram. Adapted from McDonough et al. 2002, Ellen MacArthur Foundation 2013.

According to the “Circular Economy in Cities and Regions: Synthesis Report” by OECD, the principles of 
circular design and circular economy have been successfully used in multi-disciplinary design industries to 
reduce the costs, emissions, waste, and pollution (OECD 2020). The principles of circular economy have 
been well adopted in frameworks and best practices for material selection in architecture and product design, 
such as “A Changemaker’s Guide to the Future,” “Circular City,” and “Building a Circular Future,” for their 
strength in reusing available materials and reducing energy and carbon footprints. These frameworks and best 
practices can be used for landscape architects to establish a circular design process for material selection of 
their own. However, in landscape architecture there is little literature and few project examples that focus on 
a circular design process for material selection. Similar to a sustainable process, a circular design process 
has the potential to reduce negative environmental impacts from construction materials; however, a circular 
design process has yet to be clearly developed and articulated for use in site design. Thus, this research 
project examines the potential to create and apply a circular design process to guide material selection in site 
design, as means to prioritize the reuse and recycling of materials.
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1.2 Project Significance
It is significant for landscape architects to explore the potential of a circular design process to material 
selection because they design with both natural and manmade materials, making materiality decisions for: 
extraction methods, pre-consumer manufacturing, transportation distance, construction practices, use, 
maintenance, and post-consumer recycling and repurposing (Calkins 2009). While construction materials in 
the linear process often end-up as waste because they are not designed, constructed, or used in ways that 
allow them to be reused or recycled after their useful lifespan, the concept of circular design aims to reduce 
waste and other negative environmental impacts by increasing the rate of reusing and recycling materials 
after their useful lifespan. The concept of circular design has a potential to be developed to guide material 
selection in site design. Material selection directly impacts the use and design of construction materials. 
Additionally, materials selection can influence the social and ecological performance of the design.  

1.3 Research Question and Goals
Figure 1.31 Dilemma and research question 

To address the aforementioned dilemmas [1.31], the research question is raised: “how can a circular design 
process be developed to guide material selection in site design, and what are the tradeoffs when it is compared 
to the existing linear and sustainable processes?” To answer the research question, this project consists of 
the following major efforts: 1. a synthesis of existing linear and sustainable processes for material selection; 
2. the development of a circular design process for material selection in site design; 3. an application of 
the proposed circular design process for material selection in site design; 4. a comparison between the 
application of linear, sustainable, and circular design processes for material selection.
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To illustrate the use of the proposed circular design process for material selection, it will be applied in a 
projective design for a plaza at Martin Luther King Jr. Square Park in Kansas City, MO. This site was chosen 
due to it being the focus of the concurrent Master’s Project Studio. Both the linear and sustainable processes 
will also be applied in projective designs for the plaza as means to compare and identify tradeoffs between 
all three material selection processes.

To conclude, the primary goal of this project is to create a circular design process for material selection in site 
design, and to explore its applicability in a projective site design. 



BACKGROUND
Ch. 2
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2. BACKGROUND 
2.1 Why Materials Matter
Merriam-Webster defines materials as “the elements, constituents, or substances of something composed 
or can be made; matters that has qualities which give it individuality and by which it may be categorized” 
(Merriam Webster 2020). In otherwords, materials can be living or non-living, and they can be categorized by 
their use, structure, or properties. 

Materials matter because people live in a physical world of materials. The food, clothes, houses, and streets 
are all made from and embody massive quantities of materials. Materials are either directly sourced from 
nature (raw materials) like stone, cotton, soil, and wood, or they are made through scientific processes (man-
made materials) like plastic, polyester, steel, and rayon. Although man-made materials have gone through 
processing, their original materials have been derived from nature (OECD 2015). 

The development and use of materials have come a long way since the Industrial Revolution, with both 
positive and negative impacts. The development of synthetic material technologies, nanotech materials, and 
high-performance composite materials have helped technology to advance (Gesimondo 2011). However, 
mass production has led to the rapid consumption of raw materials and has created tremendous economic 
and technological benefits, but the major concerns are the environmental impacts. The global consumption 
of materials was 31 Gt, or gigatonne (1Gt=1x10^12kg) in 1980, and is projected to reach 100 Gt by 2030, 
due to increasing population and economic growth (OECD 2015). With the increased consumption of raw 
materials, resource scarcity has become an urgent issue. The reproduction of natural materials occurs at 
much lower rates than rates of material extraction. 

The depletion of natural material resources is also exacerbated by climate change. Evidence shows that 
increasingly natural catastrophes, such as cloudbursts, hurricanes, floods, droughts, wildfire and famines are 
negatively impacting cities, crops, forests, water, and animal species worldwide (Berlemann 2017). These 
catastrophes directly impact sources of materials, like the direct loss of available wood and plants in the 
forests. On the other hand, the construction recovery efforts after climate catastrophes, like the rebuilding of 
seawalls, results in added consumption of materials and further depletion of resources. 

However, while the construction industry is consuming more and more raw materials, the used materials 
that end up as waste are accumulating. In 2008, along with 62 Gt of raw materials that were extracted and 
entered into the global economy, an additional 44 Gt of materials were extracted but not used in production 
processes, resulting in about a fifth of the materials extracted worldwide ending up as waste (OECD 2015). 
Facing these challenges, the construction industry and related professions are changing the existing linear 
process of material selection and use to a more sustainable alternative.
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2.2 The relationship between Closed-Loop System, Sustainable 
Design, and Circular Design
In the past few decades, a sustainable alternative to the linear process for material selection and use has 
emerged–called a closed-loop system. In this process, all stages of material’s life are sought to be less harmful 
to human and environmental health by using strategies of renewing, recycling, remanufacturing, reusing, and 
composting (EPA 2009). In “The Sustainable Sites Handbook: a Complete Guide to the Principles, Strategies, 
and Practives for Sustainable Landscsape,” Calkins states that an ideal material life is a closed-loop cycle, 
where waste from one process can become feedstock or resource for another process and none is released 
to the environment (Calkins 2012). 

The term ‘closed-loop’ is an adjective, used to describe a process, a system, or a cycle where the outputs 
feedback into inputs in a continual way (McDonough 2002). In the last two decades, the term has gained 
popularity in the design industry after the book “Cradle to Cradle: Remaking the Way We Make Things” 
established the idea by integrating the eco-efficiency concepts, and proposed a sustainable design approach 
to manage materials in a closed-loop (McDonough 2002). This approach of creating closed-loop material 
systems is mentioned in “Materials for Sustainable Sites” as one of the sustainable strategies to reduce and 
eliminate waste and pollution (Calkins 2019). 

The closed-loop system has been incorporated into many sustainable design philosophies, concepts, and 
frameworks, like circular economy and design, industrial ecology, biomimicry, cradle to cradle design, and 
regenerative design. Figure 2.21 shows the relationship of a closed-loop system to other associated design 
philosophies, concepts, and frameworks.
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Figure 2.21 The relationship between closed-loop system, sustainable design, circular design and related design concepts

Figure 2.22 (on the next page) explores similar sustainable concepts (including: closed-loop system, industrial 
ecology, regenerative design, cradle to cradle, biomimicry, circular design and economy) in relation with their 
current status in architecture and landscape architectue, and their considerations for materials.
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Figure 2.22 Closed-loop system, circular design and other related concepts.

IDEAS Introduction Current Status in Architecture 
and Landscape Architecture

Consideration for 
Materials

Closed-Loop 
System 

A system with continuously cycling 
activities.

In the last two decades, there is a shift 
from linear material production and 
consumption to a closed-loop system 
with recycling activities (Calkins 2009)

It is a general term that has been 
incorporated into many design 
philosophies, concepts and frameworks 
such as circular design, regenerative 
design, and cradle to cradle. 

In “The Materials for Sustainable Sites”, 
Meg Calkins advocates for a closed-
loop system for materials in landscape 
design practices with comprehensive 
design considerations encouraging 
resources reuse (Calkins 2009).

Closed-loop system is a 
broad and general term 
to describe any cyclic or 
circular system. 

The life-cycle thinking of 
materials is a closed-loop 
system; and all the ideas 
discussed in the table 
is built on a closed-loop 
system 

Industrial 
Ecology 

In a 1989 “Scientific American” 
article, Robert Frosch and Nicholas 
E. Gallopoulos argued that industrial 
systems should behave like an 
ecosystem where the wastes of a 
species may be a resource to another 
species (Frosch 1989). 

Industrial ecology as a field of scientific 
research has grown quickly in various 
disciplines such as design, engineering, 
and politics (Wong 2004).

No established framework or best 
practices in landscape design. 

Although industrial ecology is less 
mentioned in landscape design, 
it’s principles can be found in many 
existing practices, and it has influenced 
later models in architecture and 
landscape architecture such as circular 
design (Wong 2004).

Life-cycle thinking of 
materials is an important 
part of industrial ecology 
(Frosch 1989).

A well-known example is 
Kalundborg Eco-industrial 
Park in Denmark, where 
the large power plant, oil 
refinery, pharmaceutical 
plant, and other industrial 
entities reuse byproducts 
and waste heat from one 
another (CADDET 1999).

Regenerative 
Design

In 1994, John Tillman Lyle published 
“Regenerative Design for Sustainable 
Development.” which is the first book to 
establish regenerative design framework 
in the built environment (Lyle 1994). 

The major concept of regenerative 
design framework is a process to 
restore, renew and regenerate their own 
sources of energy and materials in a 
continuous feedback loop (Lyle 1994).

This framework is most recently used in 
agriculture, architecture, urban design, 
and landscape design.

The most well-known one is developed 
by Perkins+Will in 2008 with the 
University of British Columbia (Cole et 
al. 2012). 

From the recent publication such as 
“Regenerative Design Techniques: 
Practical Applications in Landscape 
Design” by Pete Melby and Tom 
Cathcart, “Regenerative Urban Design 
and Ecosystem Biomimicry: by Maibritt 
Pedersen Zari, and the “Regenerative 
Design for Creating an Autarkadian 
Energy Landscape” by Tang Y, the 
regenerative design in landscape 
architecture is developing towards 
food production, renewable energy, 
ecological habitat and biodiversity 
restoration, and climate resilient 
design.

Consideration for 
materials is not the major 
focus and less discussed. 
No established framework 
or best practices about 
materials in landscape 
design.
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IDEAS Introduction Current Status in Architecture 
and Landscape Architecture

Consideration for 
Materials

Cradle to 
Cradle (C2C)

In 2002, William McDonough and Michael 
Braungart published “Cradle to Cradle: 
Remaking the Way We Make Things” 
which reiterated much of the concepts 
developed by Lyle’s regenerative design 
(McDonough 2002). 

The difference is, that C2C design is more 
holistic, which is not only used in design 
and manufacturing, but also in social 
model, industry and business (McDonough 
2002). 

Since it is holistic and highly adaptive to 
various disciplines, C2C is the “cradle” 
of other models such as closed-loop 
systems and circular design (Vind 2019). 

On the other hand, since it is holistic 
and broad, it is used more often as a 
fundamental philosophy or concept (e.g. 
2010 ASLA honor award project: Park 
20/20 by William McDonough + Partners). 
There is no established C2C framework 
specific to landscape design.

Consideration of materials 
is an essential part of the 
C2C

The current C2C model 
represent a life-cycle where 
materials are circulating in 
healthy, safe and metabolic 
way (McDonough 2002). 

Again, due to its broadness, 
C2C is mostly used as 
inspiration, philosophy or 
design concepts where 
material is one of the 
layers.

Biomimicry

In “Biomimicry: Innovation Inspired 
by Nature” by Janine Benyus inspired 
designers to seek nature’s solutions for 
their practices (Benyus 2002). 

Biomimicry demonstrates ecological 
concepts to create strong, durable and 
intelligent materials with no waste and less 
energy in industrial products, architecture 
and landscape architecture (Calkins 2009).

There is no established framework in 
architecture or landscape design. 

Instead, it is considered a principle that 
is used as fundamental concepts and 
philosophy, or used as part of sustainable 
strategies in landscape design. 

A well-known landscape design example 
is the Oyster-Tecture by SCAPE.

Biomimicry projects in 
architecture and landscape 
design often consider 
innovative materials and 
innovative use of materials 
to create a closed-loop 
system. 

These projects often 
emphasize and showcase 
the ecological function the 
materials provide.

Circular 
Design & 
Economy
(Research 
Focus)

Circular design is not formally defined 
because of its high adaptability to various 
design disciplines. The general principle 
of circular design is design of a closed-
loop where resources are continuously 
cycled in various forms (Ellen MacArthur 
Foundation 2013).

It is based on the principles of circular 
economy; thus, it is often discussed as 
design and the circular economy.

Circular economy is well developed into 
standards, frameworks and best practices 
in industry, architecture, urban design, 
agriculture, business, and policy making. 

It has been practiced and advocated 
worldwide especially in Europe, where 
it has made a significant progress in 
recycling resources and reducing carbon 
emission in the last fifty years (OECD 
2015).

There is no established circular design 
framework for landscape architecture. 

However, publications of circular 
economy frameworks and best practices, 
such as “A Changemaker’s Guide to the 
Future”, “Circular City”, and “Building a 
Circular Future”, often include projects of 
architecture, urban design and landscape 
architecture as circular design example 
that implement the principles of circular 
economy to reuse, recycle and redesign 
the flow of materials.

Considerations of material 
life-cycle is the major part 
of circular design and 
economy. 

The core of circular design 
and economy is material 
reuse, repurposing and 
recycling.
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2.3 Circular Design Defined
Circular design is based on the principles of the circular economy. Circular economy is a fundamentally new 
way of looking at resources: a way that enables us to uncouple growth from the use of new resources and 
materials by extending the life-cycle of existing resources – either by keeping them in their first use or by 
bringing them back into circulation in a new way (Vind 2019). It was initiated as an economic system aimed 
at eliminating waste and the continual use of resources. Circular systems employ reuse, sharing, repair, 
refurbishment, remanufacturing and recycling to create a closed-loop system, minimizing the use of resource 
inputs and the creation of waste, pollution and carbon emissions (Geissdoerfer et al. 2017). 

Circular economy and design promote a closed-loop system for handling materials. Materials as resources 
can be understood as the ‘currency’ of circular economy and design, and this ‘currency’ is exchangeable for 
different ‘rates’ or ‘tradeoffs’ depending on the serving project and region. The core of circular design and 
economy is material recycling (London Design Festival 2020). 

In a circular design process, strategies that optimize the material reusing, repurposing, and recycling 
opportunity are incorporated in multiple phases of a materials’ life-cycle. An example of circular design 
process in architecture is the Upcycle Studio project by the Lendager Group, which illustrates the reusing 
and recycling of concrete [2.31]. The Upcycle Studio recycles concrete in various forms such as the crushed 
aggregate for road base, the alternative for mixing new concrete walls, and the up-cycled concrete with 
crushed bricks as aggregate (Vind 2019). In this way, the concrete kept stays in use by continuously being 
recycled and transformed into a new form of resource. 

Figure 2.31 Circular Design example of using concrete. Adapted from Upcycle Studio Project by Lendager Group (Vind 2009).
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2.31 Historical Development of Circular Economy and Design

The following timeline shows the major development of circular design and economy:

1966 (approximately) 

The American economist Kenneth E. Boulding described the contrast 
between an “open economy” with infinite input and a “closed economy” 
where a certain amount of input “remains forever a part of the concerns of 
the economy” (Geissdoerfer et al. 2017). This is most likely the origin of 
circular economy concept. 

1976 

Walter Stahel (an architect, economist, and a founding father of industrial 
sustainability), and Genevieve Reday sketched the vision of an economy 
in loops, or circular economy, and its impact on job creation, economic 
competitiveness, resource savings and waste prevention (Reday et al. 
1976). This concept had gained attention after Walter Stahel won the third 
prize in the Mitchell Prize on sustainable business models (Clift et al. 2011).

1989 

British environmental economists David W. Pearce and R. Kerry Turner 
further modelled the circular economy concept. In “Economics of Natural 
Resources and the Environment,” they pointed out that a traditional open-
ended economy was developed with no built-in tendency to recycle, which 
was reflected by treating the environment as a waste reservoir (Pearce et 
al. 1990).

1990 
Tim Jacksons, the author of “Post Growth,” moves industrial production 
away from an extractive linear system through a circular economy by 
a new approach of clean production strategies that addresses material 
concerns with scientific basis (Jackson 1996).

2002 

William McDonough and Michael Braungart published “Cradle to Cradle: 
Remaking the Way We Make Things” which reiterated many of the 
concepts developed by Lyle’s regenerative design (McDonough 2002). 
The difference is, that C2C design is more holistic, which is not only used 
in design and manufacturing, but also in the social model, industry and 
business (McDonough 2002). Since it is holistic and highly adaptive to 
various disciplines, C2C is the “cradle” of other models such as closed-
loop systems and circular design (Vind 2019). 
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2006 
The Ellen MacArthur Foundation, one of the largest players in circular design 
and economy, has outlined the economic opportunity in a circular system and 
has brought together thoughts from complementary fields/schools to create 
a coherent framework (Ellen MacArthur Foundation 2006). This has given 
the concept of circular economy and design wide exposure and appeal. 

2013 

The Ellen MacArthur Foundation released “Towards the Circular Economy: 
Economic and Business Rationale for an Accelerated Transition,” which 
detailed the significant benefits, calling a net materials cost savings up to 
$360 billions annually towards 2025 (Geissdoerfer et al. 2017). 

2017 

The British Standards Institution (BSI) developed and launched the first 
circular economy standard “BS 8001:2017 Framework for implementing 
the principles of the circular economy in organizations.” It contains a 
comprehensive list of CE terms and definitions, describes the core CE 
principles, and presents a flexible management framework for implementing 
CE strategies in organizations (British Standards Institution 2017).

2018 

The PACE (Platform for Accelerating Circular Economy) was launched 
by the World Economic Forum, World Resources Institute, Philips, Ellen 
MacArthur Foundation, United Nations Environment Programme, and over 
40 other partners. PACE members include global corporations like IKEA, 
Coca-Cola, Alphabet Inc., and DSM (company), along with governmental 
partners and development institutions from Denmark, The Netherlands, 
Finland, Rwanda, UAE, China, and beyond (Weetman 2017). 

2019 
PACE released “A New Circular Vision for Electronics: Time for a Global 
Reboot” (in support of the United Nations E-waste Coalition (PACE 2019).

2020 

The Ellen MacArthur Foundation and London Design Festival curated and 
promoted a selection of stories and supporting resources to empower and 
equip the design and creative community to seize the opportunity of the 
circular economy as a framework for positive global impact.
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2.32 Current Status of Circular Economy and Design

Circular design still needs to be developed and integrated into various design processes and systems. 
Additionally, its development can be slow, even for a large corporation like Google. Google has a form for 
designers to record at every level of the design process including what material choice could they could 
make, or not make and why (London Design Festival 2020). This record helps material engineers, scientists 
and designers to see if and how those challenges can be overcome and how. The gradual development of 
circular design helps to inform the work focus moving forward.

The principles of circular economy and design have been adopted in the design standards, frameworks and 
best practices in product design, architecture, urban planning, agriculture, business, and policy making. It 
has been practiced and advocated worldwide especially in Europe, who have made significant progress in 
recycling resources and reducing carbon emission in the last fifty years (OECD 2015). Circular economy 
is found to play a critical role for European economic growth. The research and innovation of a circular 
economy is supported and financed by the “European Environmental Research and Innovation Policy” and 
the program “Horizon 2020” (Cristoni et al. 2018). 

On the other hand, in the United States, the biggest players of circular design and economy are large 
manufacturers, waste management services and technology corporations such as Dell, Google and Republic 
Services (Ranta et al. 2018). The major barriers for the circular design and economy in the United States 
is the abundance of products and materials, and the highly product/market-oriented atmosphere (Ranta et 
al. 2018). The circular design challenges the current manufacturing and market culture. In “Construction 
Ecology”, the authors point out five major challenges to a circular material system: 1. the materials of products 
and construction components are not all recyclable; 2. products and structures are often not designed for 
disassembly; 3. demolition is more common than deconstruction; 4. in the U.S. there is no requirement for 
manufacturers or producers to take back packaging or product; and 5.recycled and reclaimed products need 
to compete with newly made products (Sendzimir et al. 2002). As a result, although the idea is widespread, 
little speficic guidance on circular design, its monitoring, or its assessment is formed within architecture and 
site design in the United States.  

2.33 Challenges and Gaps in Applying Circular Design to Material Selection in 
Site Design

Circular design encourages material recycling, however, not all materials can be reused, recycled, or 
repurposed. The challenges of maximizing recycling opportunities in landscape architecture can include: 1. 
many salvaged materials are not shared (Vind 2019); 2. the inventory of recyclable materials always change, 
varying by the scale of the inventory and the quantities of any given material available (Calkins 2012); and 
3. there are hidden costs in reusing certain types of reclaimed materials-refurbishing, storage, disassembly, 
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and installation for irregularities (Calkins 2012). 

There is a lack of consideration for the finite/technical aspect of material selection within the few published 
circular design precedents in landscape architecture projects. The precedents of landscape architecture 
projects are far less than those of architecture and product design in the well-known publications on circular 
design and economy, like “A Changemaker’s Guide to the Future,” “Circular City,” “Circular Boulder,” and 
“Building a Circular Future.” Though most of the landscape architecture precedents in these resources 
showcase the regenerative design concept, which focuses on renewable energy, water and climate resiliency, 
and ecology habitat regeneration [2.22]. Examples of these landscape architecture projects are: “The 
Courtyard of the Future” by Lendager Group, “Smart Forest City” by Stefano Boeri, and “Circular City Blocks” 
by Jolma Architects. On the other hand, the circular design examples in architecture are a good example fi 
material selection and management. 

There is no established circular design process for material selection in landscape architecture projects. 
However, such a ‘process’ can be incubated based on the principle of circular economy, best practices 
for site design material sourcing, and the existing circular design frameworks from other disciplines. The 
dilemma is how to move from a visionary idea to tangible results, or from innovation to implementation. While 
no one understands the entire picture of how to truly create a regenerative, prosperous future where climate 
change is mitigated and the global population is thriving, many people know smaller components regarding 
how to achieve these goals. There is much innovation that still needs to happen, and more connections 
between neighboring and existing circular design based frameworks. 

2.4 Approaches to Material Selection
2.41 The Linear Process for Material Selection

As discussed, the selection and use of materials in a linear system does not prioritize reduction of environmental 
impacts. The linear process of material selection is based on a ‘take-make-dispose’ process (IGI 2021). This 
process involves collecting the raw materials as resources, transforming them into goods, distributing and 
using them as products, and then disposing of them as waste (IGI 2021). Figure 2.41 shows an overview of 
the linear process typically used for material selection in site design.
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Figure 2.41 An overview of the linear process for material selection

The phases were developed from the “LEED Material Selection Guidelines” (U.S. Green Building Council 
2013) and “Material Selection in Interior Construction” (Geissdoerfer et al. 2017). LEED, a globally recognized 
certification organization for green and sustainable building development, has published material selection 
guidelines for building construction. The “LEED Material Selection Guidelines” provides considerations for 
the material selection process and a list of sustainable design considerations (extracted out from the linear 
process). “Material Selection in Interior Construction” establishes a linear process for material selection in 
interior construction with comprehensive details and examples. Following is a step-by-step linear process for 
material selection with a purpose and an example to explain each phase:

Phase 1: Early Planning & Goal Setting
Purpose: During project initiation, understand project priorities, opportunities, and constraints, and 
identify design goals that will influence selection and use of materials.

Step 1. Understand Project’s Impact Priorities
Work with clients, stakeholders, community, or city to understand the project’s impact 
priorities such as: design goals and scope; opportunity and limitation; conditions and 
budget.

Step 2. Establish Design Goals
According to client need and the project’s impact priority, establish design goals that 
influence the material selection. 

Example: A residential complex in a college town needed a small garden that would strengthen 
community and increase opportunities for informal interactions.

Phase 2: Develop Design Intention & Concept
Purpose: In schematic design, site analysis is conducted to address the design priorities, and design 
intention and concept are consequently developed to further identify the performance requirement of 
the materials.
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Step 1. Site Analysis and Design Concept
Conduct site analysis and develop design concept based on project priorities. These 
priorities might be economic, social, aesthetic, or environmental depending on the projects 
and clients.

Step 2. Identify Material’s Performance Requirement
Develop design intention and concept that inform material’s performance requirements. 
These requirements may include: perception and behavior; visual characteristics; haptic 
sensation; health, safety, and welfare.

Example: The design priorities are safety, and the client has strong opinions about color and 
costs.The design included a winding path that needed to look classic and respond to the facade 
of the residential complex. 

Phase 3: Select Materials Based on Design Priorities
Purpose: The linear process prioritizes design priorities. During design development, gain insight on 
how materials can be expected to perform and make decisions regarding the material selection and its 
detail resolution.

Step 1. Consider Materials’ Attributes
Consider material’s attribute along with the environmental and structural conditions of the 
space in which it will be installed. These considerations may include: aging and weathering; 
compressive and tensile strength; workability and joinery; moisture resistance; human 
health and safety.

Example: The proposed path needed to be made from materials that are slip-resistant, water 
resistant, long-lasting and low-maintenance. To meet aesthetic goals and budget, as a result, 
granite from another country was chosen over local options.

Phase 4: Installation & Maintenance
Purpose: During construction documentation and administration, design or select the appropriate 
installation method by considering how material will be maintained, repaired, and serviced throughout 
its lifespan.

Step 1. Review with Manufacturer or Contractor
Review manufacturer and contractor recommendations for installation and fabrication.

Step 2. Define Construction and Installation Methods
Define how materials will be constructed and installed based on materials’ properties 
and performance characteristics, the existing site conditions, and the manufacturer and 
contractor’s recommendations. 

Step 3. Consider Installation and Maintenance Requirements 
Consider how materials will be constructed and installed based on materials’ properties 
and performance characteristics, the existing site conditions, and the manufacturer and 
contractor’s recommendations. These considerations may include: aging and weathering; 
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compressive and tensile strength; workability & joinery.
Example: Granite cobbles were selected and costum-cut to fit the winding shape. Mortar joints 
were used for durability and avoid other maintenance in the future. The granite was sourced 
internationally and shipped to a manufacturer for finishing, then shipped to the project site.

The linear process of material selection will be used in Ch.4 Process Design and Ch.5 Site Design to compare 
with the sustainable and circular design processes.

2.42 The Sustainable Process for Material Selection

To reduce the negative environmental and human health impacts from every phase of the materials’ life-
cycle, the construction industry and related professions are integrating sustainable design considerations for 
material selection. The reduction of negative environmental and human health impacts, in material selection 
and use, is at the core of sustainable site design (Calkins 2012). Sustainable design considerations for material 
selection include topics such as design for disassembly and adaptability, design for resources conservation, 
use of regional materials, water and soil management, sustainability in materials manufacturing, support 
sustainability in plant production, transparency in reporting, and responsible extraction of raw materials 
(SITES 2015). The sustainable process for material selection addresses all aspects of negative environmental 
and human health impacts from construction materials and their uses. Figure 2.42 is an overview of the 
sustainable process for material selection.  

Figure 2.42 An overview of the sustainable process for material selection
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The sustainable process for material selection was developed from “Materials for Sustainable Sites” 
(Calkins 2009) and “SITES v2 Rating System for Sustainable Land Design and Development” (SITES 
2009). “Materials for Sustainable Sites” is one of the most comprehensive guides to evaluate, select 
and use materials for site landscape design and construction. SITES is an accredited certification that 
establishes a rating system for informing the creation of sustainable and resilient landscape site projects. 

Phase 1.  Early Planning & Goal Setting
Purpose: During project initiation, understand project priorities and identify sustainable design goals 
that will influence the design and use of materials.

Step 1. Understand Project Impact Priority
Work with clients, stakeholders, the community, or the city to understand the project’s 
impact priorities that influence the design and selection of materials. Prioritize elements 
that relate to environmental and human health impacts such as resource conservation, 
support responsible extraction of raw materials, and eliminate the use of wood from 
threatened tree species.  

Step 2. Establish Sustainable Goals and Practices
Identify sustainable goals and practices with the client, stakeholders, the city and the 
design team to allow extra time and budget for sustainable design.

Example: The city and stakeholders called for a park with a healthy environment that reduced 
carbon emission and minimized the consumption of non-renewable resources. The design should 
use regional materials and support sustainability in materials.

Phase 2. Regional & Site Assessment Related to Material Selection
Purpose: In schematic design, understand the local resources, human health and environmental 
concerns, economic and social performance requirements related to material sourcing and selection.

Step 1. Bioregional Assessment 
Assess the bioregional resources and understand the opportunity and limitation of using 
native materials.

Step 2. Site Assessment
Following the steps from Figure 2.43-2.45 to understand the environmental concerns, 
owner and stakeholder priorities, and resources conservation related to the design and 
use of materials. Figures 2.43-2.45 are sourced from the “Site and Regional Assessment 
for Site Construction Materials and Products Table” (Calkins 2009) and SITES’s site 
assessment standards (SITES 2009).
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  Figure 2.43 Environmental concerns assessment. Adapted from Calkins 2012 pg.54-59. 

  Figure 2.44 Owner and stakeholder priority assessment. Adapted from Calkins 2012. Calkins 2012 pg.54-59.
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  Figure 2.45 Resources conservation assessment. Adapted from Calkins 2012. Calkins 2012 pg.54-59.

Step 3. Defining a Sustainable Boundary for Sourcing Materials
Looking into SITES and “The Sustainable Sites Handbook” by Meg Calkins, a general sustainable 
distance for sourcing materials is defined [2.46]. Figure 2.46 does not include considerations on 
specific regional availability, and the distance should be adjusted according to the project loca-
tion’s resources availability. 

Figure 2.46 Sustainable distance for sourcing materials. Adapted from SITES 2009 pg.60.
Material Type Distance Requirements

Soils, compost, and mulch Extraction, harvest or recovery, and manufacture must 
occur within 50 miles

Boulders, rocks, and aggregate, brick, concrete Extraction, harvest or recovery, and manufacture must 
occur within 50 miles

Plants All growing facilities and suppliers for the plant must 
be within 250 miles

All other materials Extraction, harvest or recovery, and manufacture must 
occur within 500 miles
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Example: The non-fuel mineral resources from the region where the project is located are the 
river rock, flagstone, limestone, sand and gravels. Other mineral industries include cement, clay 
and shale. Using these materials would reduce the energy cost and negative environmental 
impacts for further transportation. The existing stone retaining wall, lighting fixture and concrete 
bench were reused on site. I will recycle the concrete path and re-purpose it for the future 
design.
According to the regional availability and SITE’s sustainable guideline, materials located further 
than 50 miles from the site were excluded from the selection.

Phase 3. Inter-exchange with Preliminary Design & Material Selection
Purpose: In schematic design, develop preliminary programs and materials inventory that ensure 
the sustainable goals and requirements of the project. The sustainable process for material selection 
prioritizes environmental concerns of construction materials and their design.

Step 1. Preliminary Programming and Materials Inventory
Consider preliminary programs and list out potential materials and selection criteria to 
ensure the sustainable design result. These considerations may include: 
• programs scope
• programs flexibility
• environmental performance requirement
• social performance requirement
• economic performance requirement
• installation technique and requirement
• assembly and disassembly requirement
• social appreciation

Example: The design included a winding path that has a low embodied energy, output low 
carbon emissions and pose no health risk. To achieve the project priority, the trail needs to be 
low maintenance, and the transportation and use of materials should release output low carbon 
emissions during and post construction. It’s preferred to be low-cost and less labor intensive.

Phase 4. Specify Sustainable Material
Purpose: In schematic design, specify sustainable materials from the previous material inventory, 
the sustainable material parameters and considerations that address the human health and 
environmental impacts throughout the materials life-cycle.

Step 1. Research Sustainable Material Parameters and Specify Sustainable Materials
From the preliminary material inventory, research and understand the sustainable 
material parameters such as:
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• Acquisition
• Transportation & Delivering 
• Processing & Refurbishing
• Secondary Processing & Finishing
• Construction, Use & Maintenance
• Post Construction & End of Life
• Ecological and Cultural Benefit

Example: 
Compare the following sustainable considerations for each of the potential material:
• Acquisition

• Brick: consume a significant amount of energy by firing in a kiln.
•  Concrete: One of the most energy intensive processes. The amount of carbon dioxide 

accounts for approximately 5% of the global emission.
• Gravel: Less than gravel & brick due to less secondary processing.

• Transportation & Delivering

• No significant difference
• Processing & Refurbishing

• Brick: Need
• Concrete: Need
• Gravel: Need

• Secondary Processing & Finishing

• Brick: Need
• Concrete: Need
• Gravel: Don’t Need

• Construction, Use & Maintenance
• Brick: Moderately easy to construct and maintain, moderate level of carbon emission
• Concrete: Easy to construct and maintain, higher amount of carbon emission.
• Gravel: Easy to construct and maintain, less carbon emission

• Post Construction & End of Life

All can be recycled, brick and concrete need secondary process.
Brick and concrete unit paver are easy to disassemble if used without mortar and other 
chemical coating.
Gravel can be disassembled easily.

Phase 5. Establish a Local Sustainable Design Collaborative
Purpose: In design development, optimize sustainable materials performance and sustainable use of 
materials by a collective effort from designers, clients, engineers, contractors, and expertise.

Step 1. Collaborative Design and Material Selection Review 
Communicate and get suggestions on materials selection and its implementation from 
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local agents, contractors, engineers, and related sustainable organizations.
Example: A sustainable collaboration was established with engineers and contractors to help 
inform the material selection and their implementation.

Phase 6. Design Iterations & Final Material Selection
Purpose: In construction documentation and administration, develop the final material palette selection, 
and seek to implement sustainable practices throughout the construction process.

Step 1. Design Iterations
Co-design with contractors, engineers and other sustainable design agencies to make 
the final material selection and to produce a design layout that support sustainable use 
of materials. 

Step 2. Construction Documentation
Work with contractors, engineers and other sustainable design agencies to design  a 
construction and maintenance plan that supports the sustainable use of materials. 

Example: Working with the sustainable design collaborative, various design iterations were made 
to faciliate the sustainable use of materials. The collaborative decided to use gravel for the trail 
with recycled crushed aggregate as the base to reduce carbon emissions and the need for new 
materials, and to reduce the cost of labor.

Phase 7. Maintenance, Result Measurement and Post Construction Monitoring
Purpose: Promote sustainability awareness and education by monitoring and reporting the sustainable 
materials performance over time.

Step 1. Plan to monitor and report site performance
Work with contractors and clients to develop a monitoring plan to measure the sustainable 
design outcomes.  

Example: To measure the sustainable result and performance, a post construction monitoring 
plan with contractor and client input was developed.

The sustainable process of material selection will be used in Ch.4 Process Design and Ch.5 Site Design to 
compare with the linear and circular design processes.

2.43 Circular Design Considerations for Materials Selection
While the sustainable process for material selection addresses all aspects of environmental and human 
health impacts from materials’ selection and use, circular design prioritizes waste reduction and resource 
conservation. Circular design emphasizes material recycling and construction for future disassembly and 
reuse. Section 2.43.1-2.43.2 explores established frameworks and guidelines for material recycling and 
disassembly. Section 2.43.3 studies the existing circular design guidelines for material selection in other 
design fields. This information is be used to develop a circular design process for material selection in site 
design in Ch.4 Process Design.
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2.43.1 Design for Material Recycling

Design for material recycling is one of the main principles in circular design considerations for material 
selection. Figure 2.43.1 provides definitions of key terms related to resource reuse.

Figure 2.43.1 Definitions of key terms related to resource reuse. Adapted from Calkins 2009 pg.79 Table 4-1.
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In the “Resource Reuse: Designing with and Specifying Reclaimed, Reprocessed, and Recycled-content 
Materials” chapter in “Materials for Sustainable Sites”, Meg Calkins provides a list of considerations for 
using reclaimed materials in site design (Calkins 2009).These considerations are used as reference in the 
development of the proposed circular design process for material selection in site design in Ch.4 Proposed 
Circular Design Process. 

• Let the materials inspire the design.
• Locate materials early in the design process to avoid major design revisions when materials are found.
• Maintain flexibility in the design until materials are found.
• Use materials with interesting “stories” or cultural significance to the project.
• At start of project, evaluate project sites and old buildings for materials to reuse.
• Hire demo contractors with experience in deconstruction and salvage.
• Require contractors with experience in deconstruction and salvage.
• Require contractors to provide a plan for construction and demolition salvage and recycling.
• Use materials for their highest use—avoid “down-cycling.”
• Include appearance and environmental performance standards in the specifications.
• Get the contractor on board with using salvage early in the process.
•  Avoid reuse of materials that are considered hazardous (e.g., CCA treated lumber) or remove 

hazardous finishes (e.g., lead paint) in a controlled manner.

The following is a guideline for design for material recycling. This process is developed from: “Materials for 
Sustainable Sites” (Calkins 2009), “Design and Detailing for Deconstruction” (Scotland Environmental Design 
Association 2010), Comprehensive Procurement Guidelines (U.S. Environmental Protection Agency 2012):

I. Planning the Material Recycling
Early goal setting that involves the client and the design team to allow extra time and budget is essential. 
Establishing measurable project goals such as the reduction of cost and labor, as well as the culture 
and environmental benefits. It is recommended to get the contractor on board with using salvage early 
in the process, so that the contractor can help provide a plan for construction and demolition salvage 
and recycling. 

II. Locating Available Materials
It is essential to locate available materials that can be reclaimed, recycled, or reused in the early 
design process to inspire the design and to avoid major design revisions due to material availability. 
Designers need to understand the local resources for recycled, salvaged, and reclaimed materials, and 
deconstruction materials outlets. The local resources can include salvage stores, local contractors, 
municipal developers and clients who are involved in deconstruction projects, local park and recreation 
salvage yards, online materials exchange and salvage distributors. Some national resources for 
recycled and recycled content materials are listed below: 



A Circular Design Process for Material Selection in Site Design | Ch.2 Background 30

• U.S. EPA Comprehensive Procurement Guideline (CPG) program database
• GreenSpec Directory
• Oikos Green Building Source
• RecyclingMarket.net
• CIWMB Recycled Content Product Directory
• King County Environmental Purchasing Program
• Materiom
• Cradle to Cradle Certified Products Registry

III. Site Assessment
During the site assessment and analysis process, designers should evaluate the project’s site currently 
under design, and adjacent deconstruction project sites, if there is any, for sourcing reusable materials. 
The evaluation should include: 1. in site structures and products that can be reuse in whole; 2. onsite 
materials that can be recycled, reclaimed, or reprocessed to reuse; 3. onsite land clearing materials 
that can be recycled, reused or reprocessed; 4. Adjacent deconstruction materials. 

IV. Let the Materials Inspire the Design
Materials can inspire the design. For example, using local materials can reflect the historical/culture 
background and identity. The design of Menomonee River Valley Plaza, Milwaukee, WI, by Wenk 
Associates reflects and strengthen the site’s identity in an industrial district by using recycled smokestack 
and concrete pipes as design features. 

V. Design with Recycled Materials
Designers need to spend extra time and effort to specify recycled materials. It is highly recommended to 
work with contractors to determine the materials used, the size and quantity and installation methods. 
The contractor can help provide a plan for construction and demolition salvage and recycling materials. 
Non-hazardous treatment, coating or finishing of materials should also be specified. While the cost of 
salvaged materials is often less than new materials, designers need to work with contractors to see if 
there is extra labor costs for refurbishing and installing recycled materials. 

2.43.2 Design for Material Disassembly

Beside the design for recycling, design for material disassembly is another significant aspect of circular 
design. Design for disassembly (DFD), or sometimes design for deconstruction, is a concept in which 
the site, structure, building or product is intentionally designed for future material recovery, ensuring the 
materials in the product can be recycled or that whole components can be reused (World Business Council 
for Sustainable Development 2020). The major goal of DFD is to promote a closed-loop material life cycle by 
using design strategies that make future end-of-life recycling easier (Calkins 2009). 

The following is a process for DFD, which has been informed by: “Materials for Sustainable Sites” (Calkins 2009), 
“A Guide to Design for Disassembly” (Cutieru 2008), “DFD: Design for Disassembly in the Built Environment: A 
Guide to Closed-Loop Design and Building” (Guy et.al 2004). 
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I. Planning the Disassembly/Deconstruction
Early goal setting that involves the client and the whole team to allow extra time and budget is essential. 
Establishing DFD targets and benchmarks that are measurable such as a percentage of structure/site 
reused, the numbers of times a component is reused, and the site and structure’s longevity. 

It is important to plan for change and design for maximum flexibility and adaptability. For site design, 
flexible spatial configuration and multiuse spaces are preferred. For both site and structure, ordering 
extra materials or spare parts will save time and energy for adjustment, repairs or replacement.

II. Assessing Materials
Research the recycling stream will help designers assessing and specify materials with good reuse or 
recycling potential. Sometimes materials and products from manufacturers have a take-back program in 
place. When specifying materials for DFD, the hierarchy is materials that can be: 1. reused, 2. recycled, 
3. easily removed. Avoid composite materials and complicated assemblies unless the design can be 
reused in whole form. When designing site or structure for DFD, standard size materials, structure 
and site design that are flexible, durable and modular are highly preferred. Durable materials that are 
carefully disassembled or deconstructed can be reused many times. During this process, designers 
can develop a set of disassembly or deconstruction drawings that might include: “As-built” drawings 
listing all components and materials in project, including all manufacturer contacts and warranties, 
three dimensional or section drawings showing disassembly and information on hidden or subgrade 
materials, specifics on connections and their disassembly and materials finishing or chemistries. Figure 
2.43.2.1 shows the common construction materials’ capacity to be disassembled.

           Figure 2.43.2.1 Common construction materials’ capacity to be disassembled. Adapted from Calkins 2009 pg.93 Table 4-8.
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III. Connection Detailing
Use bolts, screw, or standard connector palettes that are visually and physically accessible instead of 
chemical connections such as mortar (except lime mortar for brick disassembly), adhesives, and welds. 
The designed joints and connectors should be able to withstand repeated assembly and disassembly. 
Figure 2.43.2.2 shows the pros and cons of common construction materials’ connections in terms of 
DFD.

Figure 2.43.3 Pros and cons of common construction materials’ connections. Informed by Calkins 2009 pg.92 Table 4-7.

IV. Finishing & Chemistry 
It is important to specify finishes and coatings that are easily removable thus allowing for future reusing 
and recycling. Try to select and use materials that need no, or natural, finishes and coatings. For 
example, try to use tung oil or soy wax for wood, instead of chemical finishing. Some finishes and 
coatings that make disassembly difficult are: sealers, paint or powder coating, and some plastic-coated 
or electroplated metals are not recyclable. 
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2.43.3 Circular Design Considerations for Material Selection in Other Design Fields

As previously mentioned, there is no published circular design process for material selection in site design. 
However, there are existing circular design guidelines for material selection in other design fields, which can 
be used to inform key considerations for material selection in site design. The Cradle-to-Cradle Products 
Innovation Institute and the Ellen MacArthur Foundation have established multiple guidelines such as “The 
Circular Design Framework for Product Industry” and “The Circular Design Toolkit” for material selection 
and management that have been used mostly in product design. These guidelines are synthesized and 
reformatted into three sections: I. Smart material choices; II. Material journey mapping; III. Building a circular 
economy model: 

I. Smart Material Choices
• Understand the parts

The first step is to consider what parts constitues the product. In landscape architecture, the parts  
would include elements like shade structures, seatwalls, retaining walls, paving, and signage.  

• Look at the homogenous material in the parts
After understanding the parts, the second step is to define the homogenous materials that make 
up the parts, and create a list of the raw materials (stone, water, metal and etc.) and components 
(coatings, process chemicals, joinery and etc.) that are required to build or manufacture the parts 
in a product. In landscape architecture, this may include the gravel, filter fabric, PVC drainage 
pipe, aggregate, soil and mortar that made up a stone retaining wall.

• Classify the spheres of the circle 
The third step is to classify the homogenous materials defined during step two into either a renew-
able/organic material sphere or a finite/technical material sphere (Appendix IV. III). Materials in 
the renewable/organic sphere are designed to return to the environment during or after their use 
phase. The examples of these materials can be wood, cotton fiber, and paper. On the other hand, 
materials in the finite/technical sphere are designed to be dismantled/ disassembled, physically 
or chemically transformed and reused after their use phase. The examples of these materials can 
be metals and plastics. 

• Try to dig deeper
The chemical composition of material is often regarded as the intellectual property of its supplier 
and thus hard to access. The effort can be made by start identifying the highest volume materials 
you use and build cooperation trust with the suppliers of those materials. You can also ask the 
suppliers for a Material Safety Data Sheet (MSDS). 
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Resources are also available for materials that have been assessed for their health, reutilization, energy, 
water stewardship and social fairness. Designers can use these resources to limit the material choices from 
the beginning. These resources include: 

• Cradle to Cradle Certified Materials for Designers, certified materials that are safe, more sustain-
able, and made for the circular economy
• EU Reach Regulation, is a list of substances of very high concern
• The Cradle to Cradle Banned List, is a list of known hazardous materials
•  MaterialWise tool by Ellen MacArthur Foundation, provides crucial information about known 

hazards. 
• Feedstock selection

Feedstock selection refers to material selection based on where they geographically come from, 
and how they are sourced. Circular design highly encourages selection of feedstock from recy-
cled, reused, or properly managed renewable resources in order to avoid negative impacts on the 
environment and local communities, associated with from raw material extraction. 

According to the Ellen MacArthur Foundation, materials in the renewable/organic sphere should be sourced 
in an ecological responsible and renewable manner. These materials can be derived from waste, such as 
agricultural byproducts and food waste. 
Key considerations for renewable/organic sphere material feedstock include:

• Are they sourced locally?
• Are they recycled or reclaimed?
• Are they occurred at a slower rate than the consumption?
•  Are they certified by environmental organization such as FSC (Forest Stewardship Council), 

PEFC (Programme for the Endorsement of Forest Certification) and the Sustainable Agriculture 
Standard?

Key considerations for materials in finite/technical sphere include:
• Are they sourced locally?
• How are they sourced?
• Are there any coatings, finishes, dyes, bleaching agents, or other chemicals?

• After-use phase
This step considers materials’ capacity to be reused, repurposed, or recycled. Examples of those 
considerations are: materials capacity to be disassembled, materials capacity to be combined with 
others materials or chemicals, and materials capacity to maintain their value after-use. 

For the renewable/organic sphere:
• Can the materials be biodegraded safely?
•  Do the materials need special process, technology or infrastructure before it can return to the 

biological cycle? An example in landscape design can be the waste-water treatment before the 
harvest water return to the nature environment. 

For the finite/technical sphere:
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• Can the materials be recycled in their whole forms?
• What parts of the materials need to be recycled separately?
• Do the materials need extra process before it can be recycled and reused? 

II. Material Journey Mapping
Material journey mapping is a holistic calculation of the ‘distance’ a material needs to travel from sourcing to 
production, from production to processing, and from processing to implementation, and then to the users/
customers. In circular design, locality is highly valued for reducing energy, cost, and carbon emission. The 
discovery, extraction, manufacturing, installation, maintenance, and reuse of materials are important to 
understand within a chronological and geographical context.
III. Building a Circular Economy Model
Circular economy model is a strategic model to build a local network and achieve circular design through 
collaboration. The model and its application vary on the scale and speed of the circle. In order to build this 
model, it’s important to understand inventory, the organizations involved and the supply chain. It is highly 
recommended to involve the supply chain and the design team in the process of making circular material 
choices. Also, online resources for certified materials such as “Material Health Certificate Registry” and 
“Cradle to Cradle Certified Products Registry” are helpful tools. 

2.43.4 Circular Design Factsheets

This section synthesizes and summarizes key circular design considerations for materials commonly used in site 
design into a set of material factsheets. These factsheets are used as reference in the projective design in Ch. 
5 Site Design. These factsheets include three categories of information: 1. Recycling limitation & opportunities; 
2. Potential recycling applications; 3. Assembly & disassembly considerations

The included factsheets (see Appendix I) focus on materials commonly used in site design and construction, 
including: concrete, asphalt, brick, aggregate and stone, soil and sand, wood, metal (steel, cooper, aluminum, 
iron, stainless steel), rubber, plastic, and glass. The individual components of composite materials (a material 
produced from two or more constituent materials with different chemical or physical properties) are not included 
in these factsheets.
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3. METHODOLOGY 
While the first two chapters established the dilemmas and background for developing a circular design 
process for material selection in site design, this chapter outlines the methodology used to develop the 
proposed process in Ch.4 Process Design, and to apply the process in projective designs in Ch.5 Site 
Design. The methodology includes three major parts: comparative study, projective design, and evaluation 
[3.1]. 

Figure 3.1 Methodology

3.1 Comparative Study 
The first part of the methodology (Ch.4 Process Design) developed a circular design process for material 
selection in site design and compared it with linear and sustianable design processes for material selection, 
as described in 2.41 The Linear Process for Material Selection and 2.42 The Sustainable Process for Material 
Selection. This proposed circular design process is informed from 2.43.1 Design for Material Recycling, 
2.43.2 Design for Material Disassembly, and 2.43.3 Circular Design Considerations for Material Selection 
in Other Design Fields. The primary sources include: “The Circular Design Framework for Product Industry” 
and “The Circular Design Toolkit” (Ellen MacArthur Foundation 2017), “SITES Rating System” (SITES 2009), 
“Materials for Sustainable Sites” (Calkins 2009), and “Circular City: Shaping Our Urban Future” (Vind 2009).  
The proposed circular design process for material selection in site design answers the first part of the research 
question, “how can a circular design process be developead to guide the material selection in site design.” 
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[3.2] The proposed process is then used to compare with the linear and sustainable design processes for 
material selection. The strengths and weakness for the linear, sustainable, and circular design processes for 
material selection in site design are illustrated and discussed. 

3.2 Projective Design 
The second part of the methodology (Ch.5 Site Design) is projective design. Through projective design the 
linear, sustainable, and circular design processes for material selection are applied to a proposed plaza 
in MLK Park in Kansas City, MO. In doing so, three different design concepts with corresponding material 
palettes were generated, compared and evaluated [3.1]. During the projective design process, research 
was conducted to explore regional resources and networks of recycled/reused materials, and a harvest 
map was developed as part of the circular design process for material selection. Three site design concepts 
were ceatedto illustrate the nuaunces between each material selection process. Materials’ performance 
characteristics and environmental impacts were researched to help inform the material palettes. The three 
material selection processes were documented for later evaluation and comparison in Ch.6 Findings. 

          Figure 3.2 Research outcomes

3.3 Evaluation
The last part of methodology (Ch.6 Findings) evaluated and compared the results from the three projective 
design concepts. The evaluation consists of three parts: 1. Process Application Evaluation; 2. Design Results 
Evaluation; 3. Material Palette Evaluation. The evaluation answers the second part of the research question, 
“what are the tradeoffs when the proposed circular design process is compared to the linear and sustainable 
processes for material selection in site design” [3.2]. 
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4. Proposed Circular Design Process
4.1 Circular Design Process for Material Selection
A circular design process for material selection in site design is developed from 2.43.1 Design for Material 
Recycling, 2.43.2 Design for Material Disassembly, and 2.43.3 Circular Design Considerations for Material 
Selection in Other Design Fields. The information in the aforementioned section was adapted and modified 
from the following sources: “The Circular Design Framework for Product Industry” and “The Circular Design 
Toolkit” (Ellen MacArthur Foundation 2003), “SITES Rating System” (SITES 2009), “Materials for Sustainable 
Sites” (Calkins 2009), and “Circular City: Shaping Our Urban Future” (Vind 2009). Both Ellen MacArthur 
Foundation and GXN Group play a critical role in the development of circular economy and design. On the 
other hand, “SITES Rating System” and “Materials for Sustainable Sites” both provide useful information on 
resource conservation and materials recycling. Figure 4.1 shows an overview of the proposed circular design 
process for material selection in site design.

Figure 4.1 An overview of a circular design process for material selection

The following is the proposed circular design process for material selection in site design, with descriptions 
of purpose and an example to help explain each phase:

Phase 1: Early Planning & Goal Setting
Purpose: During project initiation, understand the opportunities and limitations of using recycled, reused, 
and repurposed materials, and establish a clear vision for circular design outcomes, such as use no 
new materials, or all materials should come from recycled or renewable resources, and specify the 
percentage of materials to be used that can be recycled in a future (e.g. design for disassembly). Allow 
extra time and budget for sourcing and working with recycled materials. Identify the local resources for 
recycled materials through the contractor, clients or other agencies.
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Step 1. Understand Project’s Impact Priorities
Understand project’s impact priorities such as project’s scope, programs need, budget, 
and performance requirements related to the design and use of material. 

Step 2. Establish Measurable Circular Design Goals
Establish measurable circular design goals such as the percentage of existing structures 
or site elements to be reused, the number of times a component has been reused, or the 
increase in the longevity of a site or structure. Early goal setting that involves the client 
and the whole team needs extra time and budget for being able to source and design with 
recycled, reused, or repurposed materials. 

Step 3. Build Local Connection for Sourcing Recycled Materials
The contractor and client may be familiar with the local recycled materials market and 
supply-chain. Discuss using salvaged materials early in the design phase, so that the 
broader project team can help provide resources for materials sourcing. Prepare a 
demolition or site-clearing plan with the contractor, include strategies to reuse and recycle 
existing resources on site.

Step 4. Plan for Design Change to Adapt to the Use of Recycled Materials
Plan for maximum flexibility and adaptability in the design with clients and contractors. 
Consider the following: the final length of a seatwall will depend on ammount of recycled 
brick available. Ordering extra material will save time and energy if adjustment, repairs or 
replacement is needed in the future.

Example: A public art museum needed a small garden space that was low-maintenance. The 
client liked the idea of using recycled materials to save resources and reduce energy consumption. 
The project scope allows extra time and budget to be able to use recycled materials.

Phase 2: Identify and Source Material 
Purpose: In schematic design, develop a harvest map of regional resources for recycled, reused, or 
repurposed materials available within a sustainable delivery distance. Understand the opportunities 
and limitations of using recycled materials for their sites.

Step 1. Assess the Bioregional Resources 
Understand the locally available materials  and avoid the use or reuse of exotic materials. 
Using, reusing or recycling exotic materials requires extra reprocessing with more 
transportation which increases energy output.

Step 2. Identify Existing Resources that can be Reused or Recycled
Identify existing resources that can be reused or recycled by using the “Resources 
Conservation Assessment” [4.2]. Not all existing resources are efficient enough to be 
reused. Circular design encourages existing resource conservation with high-resource 
efficiency, and resources that can be easily conserved, reused, or recycled (European 
Commission 2003). Designers can use Figure 4.3 as a reference to access the resource 
efficiency for existing on-site materials.
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Figure 4.2 Resources conservation assessment. Adapted from Calkins 2009. 

Figure 4.3 A reference to access the resource efficiency for existing on-site materials. Informed by Calkins 2012, Azapagic et 
al. 2003, and European Commission 2003.
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Step 3. Harvest Mapping 
The concept of a harvest map comes from Oogstkaart, an online platform from Germany, 
designed to find leftover industrial building materials and other forms of recycled materials. 
A harvest map provides information about purchasable recycled materials including 
location and type. The following steps explain how to make a harvest map:

3.1 Define the Harvest Boundary
The boundary defines a sustainable delivering distance from site to the source of recycled 
materials. A sustainable material delivering distance is adapted from “SITES v2 Rating 
System” (SITES 2009) and “The Sustainable Sites Handbook” (Calkins 2009) [4.4]. 
The distance should be based on the regional availability of resources (e.g., extend the 
distance if no resources are available). 

Figure 4.4 Sustainable material delivering distance. Adapted from SITES 2009 and Calkins 2012.
Material Type Distance Requirements

Soils, compost, and mulch Extraction, harvest or recovery, and manufacture 
must occur within 50 miles

Boulders, rocks, and aggregate, brick, concrete Extraction, harvest or recovery, and manufacture 
must occur within 50 miles

Plants All growing facilities and suppliers for the plant must 
be within 250 miles

All other materials Extraction, harvest or recovery, and manufacture 
must occur within 500 miles

3.2 Map the Mateiral Resources
Locate the following sources within the defined boundary of the harvest map, reveal 
inventory from each source: 
• Deconstruction Contractors
• Existing organization for recycling materials
• Salvage/Junk Yards
• Product manufacture with waste materials

Example: There are two deconstruction projects with available recycled brick and crushed 
aggregate near the project site. Recycled lumber and stone is also available within the harvest 
map area.

Phase 3: Specify Circular Design Materials
Purpose: In schematic design, develop a draft of potential materials from the harvest map to inspire the 
future design. Assess and specify materials according to the circular design considerations.

Step 1. Define Preliminary Programs 
Define the preliminary design program based on project impact priorities and the circular 
design goals. 

Step 2. Develop the “Parts” of Programs
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The “parts” refer to the structures or elements included in the design program. For example, 
the “parts” may include a shade structure, seating, paving, or a retaining wall. Design and 
adjust the “parts” according to the availability of recycled, reused, or repurposed materials  
as identified on the harvest map. 

Step 3. Circular Design Considerations 
Develop primary and secondary material selections for the “parts” in the proposed design 
program. Specify materials based on circular design considerations (refer to 2.4 Circular 
Design Considerations and Appendix Circular Design Factsheets). These considerations 
are categorized into two phases: the material sourcing phase and the material end-of-life 
phase. 

3.1 Material Sourcing
Circular design highly encourages the selection of materials  from recycled, reused, 
repurposed, or properly managed renewable resources in order to avoid negative impacts 
on the environment and local communities, caused by raw material extraction. Renewable 
and organic materials should be sourced in an ecologically responsible and renewable 
manner, and then can be derived from waste, such as agricultural byproducts and food 
waste. 

Key considerations for renewable/organic material selection include:
• Are they sourced locally?
• Are they recycled or reclaimed?
• Are they reproduced at a slower rate than consumped?
•  Are they certified by environmental organization such as FSC (Forest 
Stewardship Council), PEFC (Programme for the Endorsement of Forest 
Certification) and the Sustainable Agriculture Standard?

On the other hand, key considerations for finite/technical materials include:
• Are they sourced locally?
• How are they sourced?
• Are there any coatings, finishes, dyes, bleaching agents, or other chemicals?

3.2 Material End-of-Life
Circular design highly encourages reusing or recycling materials at the end of their life-
cycle. The materials’ end-of-life is determined by: materials’ capacity to be disassembled, 
materials’ capacity to be combined with others materials or chemicals, and materials’ 
capacity to maintain their value after-use. 
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Key considerations for renewable/organic materials’ end-of-life include:
• Can the materials be biodegraded safely?
•  Do the materials need special process, technology or infrastructure before 

it can return to the biological cycle? An example in landscape design can 
be the waste-water treatment before the harvest water return to the nature 
environment. 

On the other hand, key considerations for the finite/technical materials include:
• Can the materials be recycled in the whole forms?
• What parts of the materials need to be recycled separately
• Do the materials need extra process before it can be recycled and reused? 
• Do the materials need extra process before it can be recycled and reused? 

Step 4. Classify the potential materials into the circular design sphere 
Classify the selected materials into either a renewable/organic material sphere or a finite/
technical material sphere (Appendix I). Materials in the renewable/organic sphere are 
designed to return to the environment during or after their initial use phase. Examples 
of these materials can be wood, cotton fiber, and paper. On the other hand, materials 
in the finite/technical sphere are designed to be dismantled/ disassembled, physically 
or chemically transformed and reused after their initial use phase. Examples of these 
materials are metals and plastics. 

Step 5. Let the Materials Inspire the Design
Materials can inspire and inform design outcomes. Consider the various economic, 
environmental, and social benefits of the circular design materials.

Example: The design included a path in the garden. The recycled brick, crushed aggregate, 
lumber and stone were all potential materials to be used because they were all sourced locally, 
close to the site. Brick and crushed aggregate were ultimately selected because they were easy to 
disassemble and could be reused with minimal processing, in addition to their available quantity.

Phase 4: Inter-exchange with Design & Final Material Selection
Purpose: During design development, construction documentation and administration, revise the design 
based on the availability of circular design materials. Work with contractors and engineers to determine 
the final selection of materials that maximize the circular design performance.

Step 1. Design Iterations
Collaborate with contractors, engineers or circular design agencies. Communicate and 
get suggestions on design layouts that can optimize the use of recycled, reused, or 
repurposed materials. 

Step 2. Final Material Selection
Communicate implementation can optimize the use of recycled, reused, or repurposed 
materials with contractors, engineers or other circular design organizations. Ensure that 
most of the selected materials can also be recycled and disassembled in a future phase. 

Step 3. Construction Documentation 
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Collaborate with contractors, engineers, or other circular design agencies. Develop an 
implementation and maintenance plan to ensure the materials can be reused or recycled 
easily at their end of life.

Step 4. Design for Disassembly
Circular design encourages design for disassembly to increase the recycling rates of 
used materials. Develop a set of disassembly or deconstruction drawings that might 
include: “As-built” drawings listing all components and materials in the project, including 
all manufacturer contacts and warranties; three dimensional or section drawings showing 
disassembly and information, including hidden or subgrade materials; specifics on 
connections and their disassembly; materials finishing or chemistries.

Example: Excessive curve geometry was avoided in the design to reduce the nedd for custom-
cut or irregular-shaped materials, thus avoiding unecessary waste pieces. Crushed aggregate 
paving with brick edging was selected for durability and, because they can be reused or recycled 
after-use. With input from the contractor, a construction document with a disassembly plan and 
end of life material recycling plan were developed.

Phase 5: Building Circular Economy Model
Purpose: After construction, connect and share the local resources for material recycling, which helps 
reduce the time and labor for sourcing and designing with recycled materials. By measuring the 
circular design results, the project promotes the understanding of circular design in ways that positively 
influences designer, contractor and client behaviors.

Step 1. Provide for storage and collection of recyclables
Provide collection containers for recyclables next to all trash receptacles. Advocate and 
facilitate a local recycling program on site. 

Step 2. Recycle organic matter
Recycle excess vegetation generated during site construction and maintenance to 
generate compost and mulch.

Step 3. Establish local material recycling network
Connect and share the local resources for sourcing and recycling materials.

Step 4. Circular design result measurement
Create programs, on-site features and pop-up activities that promote and educate circular 
design principles in ways that positively influence user behavior. 

Example: As a result, 80% of the path is made from recycled materials, which saves resource 
and energy consumption from using new materials. Additionally, a local material recycling network 
was developed in the process, to reduce the time and energy for inputting and outputting recycled 
materials.
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4.2 Comparative Study
In previous chapters, the linear and sustainable processes for material selection were presented. In this 
section, they are used to compare with the proposed circular design process for material selection. Figure 
4.5 shows the phases and steps of each of the three material selection process side-by-side.

While all three material selection processes seek to fulfill project goals, client’s needs, and budget, they 
each have different priorities in terms of material selection and use. The linear process prioritizes design; the 
sustainable process prioritizes environmental impacts; and the proposed circular design process prioritizes 
material recycling. The linear process for material selection is the most straight forward where as both the  
sustainable and circular design processes require extra effort during project initiation, schematic design, 
design development, construction documentation and administration, and post construction. Moreover, 
sustainable and circular design processes for material selection need more multi-disciplinary collaboration in 
early planning and goal setting, and they are more iterative in materials specification, design, and construction 
detailing phases. Both the sustainable and circular design processes directly address the environmental 
impacts of materials, whereas the linear process inherently prioritize environmental impacts, but may do 
so  depending on a project’s goals and client’s needs. The sustainable design process more addresses 
comprehensively various environmental impacts, while the circular design process focuses mostly on 
resource conservation and waste reduction. The sustainable process emphasizes research on a variety 
of factors of environmental impacts from construction materials and their use during the schematic design 
phase. The circular design process emphasizes recycled material sourcing, design for disassembly, and 
design for recycling. 

Figures 4.6-4.8 portray the typical design process in conjunction with aspects from the linear, sustainable and 
circular design processes for material selection. These figures were inspired from the “Specification Process 
for New and Reclaimed Materials” diagrams in “Materials for Sustainable Sites” (Calkins 2009). In contrast to 
the linear design process, sustainable and circular design processes represent a closed-loop system. Both 
sustainable and circular design processes require more steps with back-and-forth thinking between the design 
and material selection. For the sustainable design process, early planning and goal setting directly influence 
the initial design. For the circular design process, the initial design is directly impacted by the availability of 
recycled materials. The primary difference between the sustainable and circular design processes is that 
circular design requires additional considerations about post- construction, including design for disassembly 
and planning for future reuse and recycling of materials [4.8]. The linear, sustainable and circular design 
processes for material selection will be further evaluated in Ch.6 Findings.
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Figure 4.5 Comparison of linear, sustainable, and circular design process for material selection
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Figure 4.6 Design process in relation to the linear material selection process. Adapted from Calkins 2009 pg.96 Figure 4-3.

Figure 4.7 Design process in relation to the sustainable material selection process. Adapted from Calkins 2009 pg.96 Figure 4-3.

Figure 4.8 Design process in relation to the circular design material selection process. Adapted from Calkins 2009 pg.96 Figure 4-3.



SITE DESIGN
Ch. 5
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5. Site Design
5.1 Projective Design Background
The projective design portion of thsi project focuses on a proposed plaza at the Martin Luther King Jr. Square 
Park (MLK Park) in Kansas City, MO to show on application of the linear, sustainable and circular design 
processes for material selection [5.1.1]. The site was selected because it was the focus of the concurrent 
Master’s Project Studio in fall 2020. MLK Park is a 42 acre site that provides recreational and open space 
for the public [5.1.2]. 

Figure 5.1.1 Martin Luther King Jr. Square Park geographical context. (Master Project Studio, 2020).

Figure 5.1.2 Martin Luther King Jr. Square Park existing site context. (Master Project Studio 2020).

Kansas City, MO 
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The studio members conducted a site analysis which revealed the following design challenges: intense 
grade change, lack of accessibility, flood risk, lack of bio-diversity, lack of public amenity, and a disconnected 
trail system. Following an in-depth site programming, the studio members collaboratively developed a site 
master plan that activates the park through inclusive amenities and programs that support physical activity, 
social connection and climate adaptation [5.1.3].

Figure 5.1.3 MLK Park proposed site master plan. (Master Project Studio, 2020).

The proposed master plan is organized around the theme of “Play, Gather and Connect.” Notable features 
include: a flexible lawn, plaza space, destination playground, nature play area, trail system, multi-sport 
courts,  and an outdoor classroom. Detailed site design and material selection were not within the scope of 
the proposed master plan. Thus the projective design protion of this project  research focuses on furthering 
the design of the proposed plaza space [5.1.4]. 

Figure 5.1.4 Plaza space of the proposed MLK master plan. (Master Project Studio, 2020).
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Three plaza design concepts and corresponding material palettes are developed to illustrate the linear, 
sustainable, and circular design processes for material selection. Each concept includes teh following 
features: a flexible public space, seating, shade structure, and splash pad with play features. The spatial 
configuration of the plaza space is slightly in each projective design concept to best reflect the corresponding 
process for material selection [5.1.6]. 

5.2 Application of the Linear Process for Material Selection
The following section documents the application of the linear process for material selection to the plaza 
design of MLK Park. The design does not include construction documentation (which is outside the possible 
scope of this project).

Phase 1: Early Planning & Goal Setting 
Step 1. Understand Project’s Impact Priorities

For the site master plan, the studio members worked with stakeholders to understand 
the project’s impact priorities. According to the shared project vision, the proposed plaza 
design should support the community’s desire to play, gather and connect. 

Step 2. Establish Design Goals
The plaza should create a welcoming, safe, and inclusive space with public amenities for 
physical activity and social gathering. The design should include a flexible public space, 
seating, shade structure, and splash pad with play features. Part of the plaza should be 
accessible for food trucks and other vehicles for events and park services.

Phase 2: Develop Design Intention & Concept
Step 1. Site Analysis and Design Concept

Guided by a site analysis and the project impact priorities, a design concept was developed. 
It prioritizes design fulfillment over use of sustainably sourced materials. 

Step 2. Identify Material’s Performance Requirement
The plaza design makes use of visually interesting material textures and patterns to 
increase public attraction [5.2.1]. The use of curves creates a varied spatial experience 
for different gathering purposes [5.2.1]. The arrangement of the splash pad and shade 
structures reinforce the designed geometry with a visual hierarchy [5.2.1]. The design 
configuration requires materials that are customizable. To reduce cost, materials  should 
be readily available, easily sourced, low-maintenance, and durable. Hazardous materials 
should be avoided in all circumstances. 
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                   Figure 5.2.1 Proposed site plan from the application of the linear process for material selection

Phase 3: Select Material Based on Properties and Performance Characteristics
Step 1. Consider Material’s Attributes

Materials with appropriate properties and performance characteristics were selected 
[2.5.2]. The attributes of selected materials are listed in [2.5.2]. Final plaza design and 
material palettes are illustrated in Figures 2.5.3 and 2.5.4.
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Figure 5.2.2 The chosen materials with selection rationale from the application of the linear process for material selection

Phase 4: Installation & Maintenance
Step 1. Review with Manufacturer or Contractor

This step was skipped because no manufacturer and contractor were involved. Ideally, 
designers will gain insight on how materials can be expected to perform from manufacturers 
and contractors.

Step 2. Define Construction and Installation Methods
Due to limits of project scope, this design does not include construction documentation 
and administration. Ideally, the proposed design features will be constructed and installed 
based on materials’ properties and performance characteristics, and the existing site 
conditions. Some construction and installation considerations are listed in Figures 5.2.2 
and 5.2.3.

Step 3. Consider Installation and Maintenance Requirements 
Considerations of how materials will be maintained are summarized in Figure 5.2.2.



Figure 5.2.3 Design and material palettes from the application of the linear process for material selection
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Figure 5.2.4 Aerial Perspective of the plaza design from the application of the linear process for material selection

Figure 5.2.5 Plaza design perspective-1 from the application of the linear process for material selection
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Figure 5.2.6 Plaza design perspective-2 from the application of the linear process for material selection

5.3 Sustainable Process for Material Selection
The following section documents the application of the sustainable process for material selection to the plaza 
design of MLK Park. The design does not include construction documentation (which is outside the possible 
scope of this project).

Phase 1.  Early Planning & Goal Setting
Step 1. Understand Project Impact Priority

For the site master plan, the studio members worked with stakeholders to understand 
the project’s impact priorities. According to the shared project vision, the proposed plaza 
design should support the community’s desire to play, gather and connect. 

Step 2. Establish Sustainable Goals and Practices
The following sustainable goals for the plaza design were developed: 
1. Activate the park through inclusive public amenities
2. Increase the site’s capacity to sequester carbon
3. Mitigate the stormwater runoff and flooding impacts

Phase 2. Regional & Site Assessment Related to Material Selection
Step 1. Bioregional Assessment 

The site is located in Missouri. Both Kansas and Iowa are located within 200 miles from 
the site. As a result, research on the mineral industry of Missouri, Kansas and Iowa was 
conducted and summarized below (U.S. Geological Survey 2020):
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                      Figure 5.3.1 Natural mineral resources in Missouri, Kansas, and Iowa.

Step 2. Site Assessment
A site analysis was conducted at the master plan level [5.1.3]. The major environmental 
challenges that could impact the use of construction materials are: 

1. Increasing heavy rain and flooding events (NCICS 2001) 
2. Increasing temperature and numbers of hot day in summer (NCICS 2001) 
3. Intense stromwater runoff due to the grade change (20-30%). 

The major social and economic challenges that could impact the selection and use of 
cmaterials are: 
1. There is a low-budget for community improvement and public amenities 
2. There is a lack of public accessibility. 

Step 3. Defining a Sustainable Boundary for Sourcing Materials
The site is located in a metropolitan area with access to sufficient resources for construction 
materials. Commonly used construction materials are available within 50 miles from the 
project site and most of them (except metals and plastics) are excavated, manufactured, 
and harvested within 200 miles. As a result, the sustainable boundary for material sourcing is 
defined as a 50 miles radius from the site. 

Phase 3. Inter-exchange with Preliminary Design & Material Selection
Step 1. Preliminary Programming and Materials Inventory

The following design features were proposed according to the shared project vision (the 
potential materials are available within the defined sustainable boundary): 
•  Flexible public plaza for social activities and events, such as art display, daily gathering, 

recreation, and local markets. Part of the plaza should be vehicular accessible for food 
truck and other vehicles for park services. 

  (Potential Material to Use: Limestone, Concrete, Brick, Stone & Aggregate)
•  Amphitheater for social gathering and outdoor classroom.
  (Potential Material to Use: Limestone, Granite, Concrete, Brick, Stone & Aggregate)
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•  Seating area with shade structure
  (Potential Material to Use: Limestone, Stones, Wood, Metal, Concrete)
•  Splash pad with play features 
  (Potential Material to Use: Concrete, Rubber, Metal, Plastic, Stone & Aggregate)

Phase 4. Specify Sustainable Material
Step 1. Research Sustainable Material Parameters and Specify Sustainable Materials

Research was conducted to understand the sustainability of the potential materials:
Acquisition

Brick: consume a significant amount of energy by firing in a kiln.
Concrete: one of the most energy intensive processes; the amount of carbon 
dioxide account for approximately 5% of the global emission; water intensive; 
contribute to VOCs emission.
Stone & Aggregate: less than gravel & brick due to less secondary processing.
Granite: acquisition is highly energy and water intensive; contributes to VOCs 
emission.
Limestone: extraction contribute to VOCs emission; processing affects ground 
water quality. 
Wood: contributes to loss of habitat, desert encroachment, loss of carbon 
storage capacity.
Metal: production causes physical disturbance to the landscape, soil, and 
water quality, concerns for human health and safety.
Rubber: production causes soil and water contamination, concerns for 
human health and safety. Most rubber products are made from recycled 
rubber, which significantly reduces environmental and human health impacts.
Plastic: production contributes a significant amount of carbon dioxide 
emission, and affects air quality.

Transportation & Delivering 
Brick: energy intensive, crates emissions of carbon dioxide, sulfur dioxide, 
and nitrogen oxides.
Concrete: energy intensive, causes emissions of sulfur dioxide, nitrogen 
oxides, and carbon dioxide. 
Stone & Aggregates: energy intensive, causes emissions of sulfur dioxide, 
nitrogen oxides, and carbon dioxide.
Granite: highly energy intensive, causes emissions of sulfur dioxide, nitrogen 
oxides, and carbon dioxide; contributes to VOCs emission.
Limestone: highly energy intensive, causes emissions of sulfur dioxide, 
nitrogen oxides, and carbon dioxide; contributes to VOCs emission.
Wood: causes emissions of carbon dioxide, sulfur dioxide, and nitrogen 



A Circular Design Process for Material Selection in Site Design | Ch.5 Site Design 61

Metal: highly energy intensive, causes large emissions of sulfur dioxide, 
nitrogen oxides, and carbon dioxide; contributes to VOCs emission.
Rubber: less energy intensive to transport due to its light weight, causes 
emissions of carbon dioxide, sulfur dioxide, and nitrogen oxides.
Plastic: less energy intensive to transport due to iits light weight, causes 
emissions of carbon dioxide, sulfur dioxide, and nitrogen oxides.

Processing & Refurbishing
Brick: Need
Concrete: Need
Stone & Aggregates: Need
Granite: Need
Limestone: Need
Wood: Need
Metal: Need
Rubber: Need
Plastic: Need

Secondary Processing & Finishing 
Brick: Need
Concrete: Need
Stone & Aggregates: Don’t Need
Granite: Don’t Need
Limestone: Don’t Need
Metal: Need
Rubber: Need
Plastic: Need

Construction, Use & Maintenance
Brick: moderately easy to construct and maintain, moderate level of carbon 
emission during construction.
Concrete: easy to construct and maintain, higher amount of carbon emission 
during construction.
Stone & Aggregates: easy to construct and maintain, low carbon emission 
during construction, low maintenance.
Granite: energy and labor intensive, high carbon emission during 
construction, need regular maintenance.
Limestone: moderately easy to work with, need regular maintenance, 
moderate level of carbon emission during construction.
Metal: workability varies depending on types of metal, high carbon emission 
during construction, often low or less maintenance.
Rubber: easy to construct and maintain, moderate level of carbon emission 
during construction.
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Plastic: easy to construct and maintain, moderate level of carbon emission during 
construction.

Post Construction & End of Life
Brick: can be reused and recycled.
Concrete: can be recycled, need secondary process.
Stone & Aggregates: can be reused and recycled.
Granite: can be reused and recycled, need secondary process for recycling, 
energy intensive.
Limestone: can be reused and recycled.
Metal: can be reused and recycled, need secondary process for recycling, energy 
intensive.
Rubber: can be recycled, need secondary process.
Plastic: recyclability varies depending on plastic types, some are non-recyclable.

Phase 5. Establish a Local Sustainable Design Collaborative
Step 1. Collaborative Design and Material Selection Review 

This step was skipped because no engineers and contractors were involved. 
Phase 6. Design Iterations & Final Material Selection

Step 1. Design Iterations
For the site master plan, studio members worked on several design iterations to create a 
final design that supported the sustainable goals. Figure 5.3.2 and Figure 5.3.3 illustrate the 
sustainable plaza design and material palettes. The sustainable design integrates moderate 
curves to increase spatial variation and visual interest. Compared to the linear design, the 
sustainable design uses fewer organic design configuration to reduce construction labor and 
material waste. The sustainable design also uses fewer seatings and shade structures than 
the linear design to save resources and energy. 

Step 2. Construction Documentation
Due to the limit project scope, this design does not include construction documentation and 
administration. Ideally, the sustainable practices will be implemented throughout the construction 
documentation and administration with help from contractors and engineers. Some of the sustainable 
construction and installation considerations are listed in Figure 5.3.3.

Phase 7. Maintenance, Result Measurement and Post Construction Monitoring
 Step 1. Plan to monitor and report site performance

This step was skipped because the proposed design is pypothetical, and will not be built. 
Ideally, designer will work with the contractor and client to develop a monitoring plan that 
measure the materials’ performance overtime.
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Figure 5.3.2 Design and material palettes from the application of the sustainable process for material selection

63
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Figure 5.3.3 The chosen materials with selection rationale from the application of the sustainable process for material selection
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Figure 5.3.4 Aerial Perspective of the plaza design from the application of the sustainable process for material selection

Figure 5.3.5 Plaza design perspective-1 from the application of the sustainable process for material selection
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Figure 5.3.6 Plaza design perspective-2 from the application of the sustainable process for material selection

5.4 Circular Design Process for Material Selection
The following section documents the application of the proposed circular design process for material 
selection to the plaza design of MLK Park. The design does not include construction documentation (which 
is outside the possible scope of this project).

Phase 1: Early Planning & Goal Setting
Step 1. Understand Project Impact Priority

For the site master plan, the studio members worked with stakeholders to understand 
the project’s impact priorities. According to the shared project vision, the proposed plaza 
design should support the community’s desire to play, gather and connect. 

Step 2. Establish Measurable Circular Design Goals
The following circular design goals were established to guide the design process: 
1. At least 60% of the design elements should use recycled or recycled content materials. 
2. At least 80% of materials should be designed and used in a way that they can be easily 
reused and recycled.
3. At least 80% of materials should be designed for disassembly.

Step 3. Build Local Connection for Sourcing Recycled Materials
This step was skipped because no contractor and local connections were involved.

Step 4. Plan for Design Change to Adapt the Use of Recycled Materials
This step was skipped because there is no budget requirement. Ideally, designers need 
to work with the client and contractor to increase their flexibility and adaptability for design 
change due to the use of recycled materials. 
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Phase 2: Identify and Source Material 
Step 1. Assess the Bioregional Resources 

The site is located in Missouri. Both Kansas and Iowa are located within 200 miles from 
the site. Same as the sustainable process, research on the mineral industry of Missouri, 
Kansas and Iowa was conducted and summarized below (U.S. Geological Survey 2020):

                    Figure 5.3.1 Natural mineral resources in Missouri, Kansas, and Iowa.

Step 2. Identify Existing Resources that can be Reused or Recycled
The existing condition of the site is lawn. There is no in-situ structure that can be reused 
or repurposed the plaza design. Any soil and aggregates harvested from the land clearing 
process will be conserved and reused on site.

Step 3. Harvest Mapping 
A harvest map was made to source recycled materials and recycled content materials. 
The process of harvest mapping is illustrated below:

3.1 Define the Boundary
A research boundary is defined based on the availability of regional resources and the 
maximum distance for sustainable material extraction, harvest and delivering [4.4]. Since 
the site is located in a metropolitan area with accessibility to sufficient resources, most of 
the commonly used recycled construction materials and recycled content materials were 
found within 10 miles from the site. However, there are limited suppliers outside of 10 
miles from the site, because those areas are more rural. As a result, the harvest mapping 
area is defined within the 10 miles radius from the site. 

                 Figure 4.4 Sustainable material delivering distance (SITES 2009, Calkins 2012)

Material Type Distance Requirements

Soils, compost, and mulch Extraction, harvest or recovery, and manufacture 
must occur within 50 miles

Boulders, rocks, and aggregate, brick, 
concrete

Extraction, harvest or recovery, and manufacture 
must occur within 50 miles

Plants All growing facilities and suppliers for the plant 
must be within 250 miles

All other materials Extraction, harvest or recovery, and manufacture 
must occur within 500 miles
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3.2 Map the Resources
The harvest map illustrates the location and types of recycled materials (from recycled 
construction materials suppliers and salvage/junk yards) and recycled content materials 
(from construction materials suppliers) within the defined boundary [5.4.1]. The aggregates 
in the harvest map include sand and gravels. 

This harvest map does not include information on adjacent deconstruction projects 
because no local contractors and clients are involved in the project. Ideally, adjacent 
deconstruction projects should also be mapped as sources for recycled materials. The 
information on adjacent on-going deconstruction projects can be informed by local 
contractor and client knowledge.  

Figure 5.4.1 Harvest map of recycled and recycled content materials in Kansas City. 



A Circular Design Process for Material Selection in Site Design | Ch.5 Site Design 69

Phase 3: Specify Circular Design Materials
Step 1. Define Preliminary Programs 

•  Flexible public plaza for social activities and events, such as art display, daily gathering, 
recreation, and local markets. Part of the plaza should be vehicular accessible for food 
truck and other vehicles for park services. 

  (Potential Material to Use: Limestone, Concrete, Brick, Stone & Aggregate)
•  Amphitheater for social gathering and outdoor classroom.
  (Potential Material to Use: Limestone, Granite, Concrete, Brick, Stone & Aggregate)
•  Seating area with shade structure
  (Potential Material to Use: Limestone, Stones, Wood, Metal, Concrete)
•  Splash pad with play features 
  (Potential Material to Use: Concrete, Rubber, Metal, Plastic, Stone & Aggregate) 

Step 2. Develop the “Parts” of Programs
Following are “parts” of the proposed design program: 
• Flexible Public Plaza: Signage/Wayfinding, Plaza Surface.
• Amphitheater: Steps.
• Seating Area with Shade: Seating, Shade Structures.
• Splash Pad: Splash Pad Surface, Play features.
A list of potential materials for each “part” of the proposed program is developed according 
to the availability of recycled materials from the harvest map [5.4.2]. The aggregates in 
Figure 5.4.2 include sand and gravels. 

Figure 5.4.2 Potential materials for proposed design feature
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Step 3. Circular Design Considerations 
Research for circular design considerations of the potential aforementioned materials was 
conducted. Figure 5.4.3 summarizes the key considerations of the potential materials.

Figure 5.4.3 The chosen materials with selection rationale from the application of the circular design process for material selection   
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                     Step 4. Classify the potential materials into the circular design sphere 
Soil, wood, and bio/water-based sealant are in the renewable/organic sphere and are 
designed to return to the environment during or after their use phase. All the other materials 
are in the finite/technical sphere and are designed to be dismantled/disassembled, 
physically or chemically transformed and reused after their use phase. 

Step 5. Let the Materials Inspire the Design
Due to the uncertainty of available recycled materials within the sustainable harvest 
boundary, orthogonal geometry  was used to allow more flexibility for potential material 
and design changes. Multiple materials for the plaza surface are preferred to adapt to 
limited supply of one type of material, and to increase the visual interest of the space.

Phase 4: Inter-exchange with Design & Final Material Selection
Step 1. Design Iterations

Design iterations were made to test different spatial arrangements and geometry 
configurations. While the master plan suggested the plaza have an irregular form, it would 
be challenging to achieve a circular design process because circular design encourages 
the use of standardized elements and regular forms. With these considerations in mind, 
the plaza design and material palette were developed accordingly [5.4.4]. Compared 
to the linear and sustainable design, circular design uses fewer irregular elements to 
conserve reusable resources. The trail located adjacent to the plaza remained and was 
surfaced to strengthen the visual and physical connection between the plaza and the 
larger park site. Using multiple recycled materials can prevent exhausting one type of 
materials if there is not enough available supply.

Step 2. Final Material Selection
It was assumed that all selected materials are available within the defined sustainable 
harvest boundary [5.4.4].
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Figure 5.4.4 Design and material palettes from the application of the circular design process for material selection
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Step 3. Construction Documentation 
Due to the limit project scope, this design does not include construction documentation. 
Ideally, implementation and maintenance plan will be developed together with the 
contractors and clients to ensure the materials can be disassembled, reused and recycled 
easily at their end of life. Considerations of construction and maintenance for the selected 
materials were listed in Figure 5.4.3.

Step 4. Design for Disassembly (DFD)
Due to the limit project scope, this design only includes DFD drawings for pavement, 
shade structure, and seating [5.4.5-5.4.8]. Figure 5.4.5 illustrates the DFD technique 
for all pavers used in the plaza. Instead of using mortar, the pavers are stabilized by 
stronger edge restraint [5.4.5]. Figure 5.4.6 and 5.4.7 illustrate the DFD techniques for 
the connections in the bollard and shade structure. The proposed design for bollard and 
shade structure aims to avoid nail fixing and adhesives. Figure 5.4.8 illustrates the DFD 
for seating which uses less or no technical connection. Other considerations of design for 
disassembly for the selected materials are explained in Figure 5.4.3.

Figure 5.4.5 DFD drawing for paver from the application of the circular design process for material selection

1

1: Pavers
2: Geotextile (Optional)
3. Recycled Sand & Aggregates
4: Concrete Edge Restraint with Bolt Anchor

2

3

4
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Figure 5.4.6 DFD drawing for bollard from the application of the circular design process for material selection

4

3

2

1

1: Lag Bolt
2: Lock Washer
3. Nut
4: Bollard

1: Screw Fixing (Optional)
2: Joist
3. Beam
4: Post
5: Bolt Connection
6: Bolt Connection

Figure 5.4.7 DFD drawing for shade structure from the application of the circular design process for material selection

1

2

3

4
5

6

Tenons Locker

Foundation
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Figure 5.4.8 DFD drawing for seating from the application of the circular design process for material selection

1

1

2

2

3

1: Capping Stone
2: Stones
3. Metal Frame
Notes: no adhesives or 
connection

1: Capping Stone
2: Stone Leg
Notes: no adhesives or 
connection

Phase 5: Building Circular Economy Model
Step 1. Provide for storage and collection of recyclables

This step was skipped because the design is not going to be built. Ideally, when the 
design is built, collection containers for recyclables next to all trash receptacles will be 
provided to advocate and facilitate a local recycling program on site. 

Step 2. Recycle organic matter
This step was skipped because the design is not going to be built. Ideally, excess vegetation 
generated during site construction and maintenance will be collected to generate compost 
and mulch for on-site usages.

Step 3. Establish local material recycling network
This step was skipped because no local recycling network was involved. Ideally, designers 
will connect and share knowledge of local resources for sourcing recycled materials so 
that in the future, circular design processes for material selection will be easier and faster 
to perform.

Step 4. Circular design result measurement
This step was skipped because no local recycling network was involved. Ideally, on-site 
features, programs, and pop-up activities will be established to promote and educate 
circular design principles in ways that positively influence user behavior on resource 
conservation. 
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Figure 5.4.9 Aerial Perspective of the plaza design from the application of the circular design process for material selection

Figure 5.4.10 Plaza design perspective-1 from the application of the circular design process for material selection
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Figure 5.4.11 Plaza design perspective-2 from the application of the circular design process for material selection 
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Ch. 6
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6. FINDINGS
In the previous chapters, a circular design process for material selection in site design was developed, and it 
was applied along with the linear and sustainable processes, to the plaza design of MLK Park in Kansas City, 
MO. The applications of the three material selection processes and their design outcomes were documented. 
This chapter discusses and evaluates the different successes and shortcomings of the linear, sustainable and 
circular design material selection processes through their application, design result, and material palettes.

6.1 Evaluation of the Process Application 
By documenting the projective design applications of the linear, sustainable and circular design processes, 
for material selection, pros and cons of each are discussed in terms of project management, design, 
construction,  and performance [6.1]. Since the linear process is shorter and simpler than the other two, 
there are fewer considerations to be documented in its application [6.1]. The strength of the linear process 
is its freedom in design and material selection. During the linear process, fulfilling the design intent is most 
important and the use and of sustainable or recycled materials is secondary or irrelevant. The linear process 
gives more freedom to the design configuration and material selection, but the linear process tends to cause 
more negative environmental and human health impacts during and after construction due to not prioritizing 
the use of sustainable or recycled materials. However, thats not to say the linear process would exclude such 
materials, but just that design fulfillment is prioritized over other considerations. 

In contrast to the linear process, both the sustainable and circular design processes require more effort in 
project management, design and construction phases, but they provide more benefits in construction and 
performance. Both the sustainable and circular design processes integrate multi-disciplinary collaboration 
for better design and material performance. While the sustainable process addresses all environmental 
and human health impacts during the material life-cycle, circular design process prioritizes on resource 
conservation. More in-depth research analysis was conducted in the sustainable and circular design 
processes to guide the material selection and design. During the sustainable process, the design was closely 
associated to the use of the materials, and design iterations were made to ensure sustainable practices could 
be used during and after the construction phase. As a result, the sustainable use of materials might limit the 
design configuration. On the other hand, in the circular design process, the design is directly impacted by 
the availability and use of recycled materials, and the uncertainty of the materials’ availability. Therefore, 
circular design needs to be flexible and adaptive to potential changes. Although it takes more time and effort 
to address the design limits for the sustainable and circular design process, overcoming these challenges 
can result in more social, environmental, and economic benefits in the long term.  
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Figure 6.1 Summary of the three material selection process' application outcomes
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6.2 Evaluation of the Projective Design Results
The projective design results are evaluated in terms of social, environmental, and economic considerations 
[6.2]. To better illustrate the differences between the linear, sustainable and circular design outcomes, 
hypothetical calculations were conducted to quantify the results. In social considerations, the percentage of 
the plaza space is calculated using the square footage of the paving area for different materials, and so is the 
percentage of the plaza surface in the environmental considerations. On the other hand, in the environmental 
considerations, the percentage of the standardized elements of the plaza surface is calculated according to 
the following steps: 1. dividing the plaza surface by 10x10 ft grid; 2. calculated the total square footage of the 
irregular part of the plaza surface that do not fit the 10x10 ft grid; 3. Dividing the square footage calculated 
in the last step from the total area of the plaza. The percentage of the low-maintenance materials in the 
economic considerations is calculated by dividing the volume of targeted materials from the total volume of 
all materials. Geotextile, edge restraint, connections for shade structure, drainage pipes, mortar  and sealant 
are excluded from the calculation due to the lack of information for calculation. These hypothetical numbers 
give a sense of the differences between the linear, sustainable and circular design results. 

The evaluation shows the strength and weakness of the projective design outcomes from the application of 
the linear, sustainable and circular processes for material selection. The strength of the projective design 
outcomes from the application of the linear process is its high capacity to meet social requirements for 
programming, accessibility, and safety; the weakness is its the lack of environmental priorities. In contrast 
to the projective design outcome from the application of the linear process, the strength of design outcome 
from the application of the sustainable and circular design processes are their prioritization of environmental 
considerations such as reducing carbon emission and waste, conserving energy and raw materials, and 
mitigating urban heat island effect.  On the other hand, there are some tradeoffs in the sustainable and 
circular design process in order to meet all social requirements for programming and accessibility, and their 
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designs may be less visually exciting than in the linear process. However, the sustainable and circular design 
processes have higher social benefits in promoting sustainable awareness and education. Lastly, although 
the weakness of the sustainable and circular design processes are their uncertainty to meet or exceed project 
budget, they can save cost on post-construction maintenance and eventually have more long-term values. 

Figure 6.2 Summary of the projective design outcomes
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6.3 Evaluation of the Material Palettes from the Projective Design 
The material palettes for all three processes are evaluated in Figure 6.3.1. To better illustrate the differences 
between the material palettes from the application of the linear, sustainable, and circular design processes, 
hypothetical calculations were conducted to quantify the results. The percentage of materials is calculated 
by dividing the volume of targeted materials from the total volume of all materials. Geotextile, edge restraint, 
connections for shade structure, drainage pipes, mortar and sealant are excluded from the calculation due to 
the lack of information for calculation.  These hypothetical numbers give a sense of the differences between 
the linear, sustainable and circular design processes results. 
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Figure 6.3.1 Summary of the material palettes from the projective design



CONCLUSION
Ch. 7
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7. CONCLUSION
7.1 Project Summary
This research explored the potential for  a circular design process to guide material selection in site design, 
thus helping to reduce waste and other negative environmental impacts associated with construction 
materials. To answer the research question “How can a circular design process be developed to guide the 
material selection in site design, and what are the tradeoffs when it is compared to the existing linear and 
sustainable processes,” the following major efforts were conducted: 

1. synthesizing the existing linear and sustainable processes for material selection in site design
2. researching the background of circular design and related topics
3. collecting information on circular design considerations for material selection
4. developing a circular design process for material selection in site design
5. applying the linear, sustainable, and proposed circular design processes for material selection in 
projective designs for a plaza at MLK Park in Kansas City, MO.
6. evaluating the application, design results, and material palettes of the linear, sustainable and 
proposed circular design processes for material selection.   

With the development and application of a proposed circular design process for material selection in site 
design, the first part of the research question was answered. And when compared to the projective design 
applications of the linear and sustainable processes for material selection, the second part of the research 
question was answered. 

This research found that a project will likely require more time and budget when sustainable and circular 
design processes for material selection are used. Both sustainable and circular design processes require 
extra effort on project initiation, schematic design, design development, construction documentation & 
administration, and post construction; moreover, they include more multi-disciplinary approaches in early 
planning and goal setting, materials specification, design and construction detailing iterations. Both the 
sustainable and circular design processes require more steps, with back-and-forth thinking and decision 
making between design and material selection. For the sustainable process, early planning and goal setting 
directly influence the initial design; for the circular design process, the initial design is more impacted by the 
availability of recycled materials and goods. On the other hand, the major difference between sustainable 
and circular design processes are their priorities; although both aim for alleviating negative environmental 
impacts, sustainable process focuses on reducing environmental and human health impacts in all phases 
while the circular design process focuses primarily on resource conservation and waste reduction. Circular 
design requires extra effort after construction as well, which includes design for disassembly and future 
material reuse and recycling. The strength of the linear process is its ease to use and high capacity to meet 
social requirements for programming, accessibility, and safety. The weakness of the linear process is that it 
does not prioritize environmental impacts. However, the linear process may use sustainable materials and 
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practices, but this is not a central focus. In contrast to the linear process, the strength of sustainable and 
circular design processes are their long-term environmental benefits. 

The circular design process for material selection perform well in terms of resource conservation and waste 
reduction by prioritizing the use of recycled and recycled content materials, and by detailing design elements 
in a way that they can be disassembled and further recycled and reused in the future, after their useful life in 
the current design. By reducing the need for and use of new materials, the circular design process substantially 
reduces negative environmental impacts associated with new material extraction, manufacturing, processing, 
and transportation. However, it can be challenging to apply the circular design process for material selection 
in site design because of the uncertainty about available supply of recycled and recycled content materials, 
which is always in-flux. The key is to understand locally available recycled materials suppliers, resources, 
and networks at the start of the design process in order to determine if the circular design process for material 
selection can be applied to the project.

7.2 Limitation of the Study
Since no local contractors were involved, the only used information available on the internet to identify local 
recycled and recycled content materials. Ideally, for the sustainable use of the circular design process, it 
would be necessary to continually update information on the size, quantity, and availability of local recycled 
materials. However, due to the research project scope and time limit, hypothetical information about the size 
and quantity of available recycled and recycled content materials was used. Additionally, only the “surface” 
materials were considered from the application of the three processes. For example, in the proposed splash 
pad feature, the design and evaluation do not include the plumbing, mechanical, or electrical aspects. On 
the other hand, the harvest mapping in the application of circular design process did not include information 
on adjacent deconstruction projects because no local contractor or client were involved. Ideally, adjacent 
deconstruction projects should also be mapped as sources for recycled materials. The design does not 
include construction documentation. The three design would be more realistic if construction documentation 
and administration was included. 

This research didn’t include an evaluation of the specific materials in each design, because there are too 
many nuances and trade-offs to address between  the three projective designs. In the evaluation of materials 
palettes, the percentage of materials was calculated using the volumes of the materials; geotextile, edge 
restraint, connections for shade structure, drainage pipes, mortar and sealant were excluded from the 
calculation. Since the research did not include construction documentation, the volume information did not 
reflect the reality, instead, it gave a sense of the possible result.

7.3 Potential of Future Study
While the circular design process for material selection seeks to design for disassembly (DFD) where 
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materials can be reused, disassembled, and recycled after a design’s useful life, there is not a lot of published 
literature available about DFD. The concept is still emerging in site design and could use for future study. The 
application of the circular design process for material selection could be more effective and efficient if there 
was a published database, network, or platform of information about regionally available recycled materials. 
Developing such a database, network, or platform, like ones that exist in Europe, for site design in the U.S. 
could be a future study.

Additionally, it would be important to understand how the circular design process for material selection may 
be influenced by a project’s contract type and by the various priorities and roles of consultants on the project 
team. For instance, can a landscape architect use the circular design process while the architect uses the 
linear process? Or do all involved parties need to agree to using the circular design process? Dose the client 
need to have buy-in, or can the process just be part of standard design services? To answer these questions, 
future study could test the circular design process on real projects with multi-disciplinary design teams. 

Lastly, it would be interesting to see how to aspects of the three processes for material selection could be 
combined to achieve project goals and client’s needs. For instance, the linear process may be modified 
to prioritize specific sustainable or circular design processes considerations, such as reducing carbon 
emissions, selecting recycled content materials, and designing for disassembly. The idea of modifying or 
combining aspects from all three processes might be easier and more practical to perform in real landscape 
architecture projects, and should be studied further.

7.3 Personal Reflection
Materials in site design is one of my most favorite topics. My motivation for this research stems from 
concerns of waste and resource scarcity associated with the selection and use of materials in site design. 
Academic  projects often do not require material specification, and as students, our experience to actual 
site implementation is limited. Thus, to expand my understanding of materials, with the help from my major 
professor, Jessica Canfield, also my committee members, Kirby Barret and Katie Loughmiller, I was able to 
focus my research on material selection and use. They also helped me to broaden my mind when consider the 
possible drawbacks and challenges of the application of the proposed circular design process, from practical 
aspects. There are still areas that can be further considered, explored, and evaluated in this research. And 
there are still gaps to apply the circular design process for material selection in site design. However, in my 
opinion, this research is not designed to provide a solution to improve the material selection process, instead, 
it provides a means to explore a potential solution. The most valuable lesson I’ve learned from this project is 
how to develop and conduct research in the area of interest. And I will continually build on my area of interest 
in the practice of landscape architecture by using what I’ve learned from this project. 
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Material Factsheets
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