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About the Guidelines

These guidelines are dedicated to maintenance workers:
the people who manage the materials we casually use and
discard each day. Without them, we would be buried.
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These recommendations would not have been possible without

the involvement of the advisory committee—an expanding group of
workshop attendees—and the maintenance staffs who patiently showed
the team their buildings and explained how they manage the waste
streams produced each day. The advisory committee included city
agency representatives, developers, architects, engineers, building
managers, waste management professionals, sustainability consultants

and university researchers (see Acknowledgments).

The involvement of city agencies—especially the New York City
Department of Sanitation, along with the departments of City Planning
and Transportation and the Mayor’s Office of Sustainability—was essential.
Representatives from the departments of Design and Construction,
Health and Mental Hygiene and Education and the New York City
Housing Authority also attended our workshops and provided invaluable
feedback. Other participating organizations include the Real Estate
Board of New York, Manhattan Solid Waste Advisory Board, Urban Green

Council and Industrial Design Society of America’s NYC chapter.
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How the Guidelines Came to Be

These guidelines grew from a question posed by Clare Miflin, architect
at Kiss + Cathcart, Architects. While moderating an Urban Green panel
on organics collection, she asked, “What can architects do to support
organics collection in the buildings they design?” Panelists Christina
Grace, CEO of Foodprint Group, and Brett Mons, then a senior program

manager at DSNY, agreed the question was an excellent one.

Recognizing the gap between the work on waste handling and the
work on building design, Miflin organized three roundtable discussions
through the American Institute of Architects New York Committee

on the Environment, with the help of its cochairs Pat Sapinsley and
llana Judah. Representatives from DSNY attended these meetings,
along with Foodprint Group’s Christina Grace, architects Jeff Miles and
Elaine Zimmer, and Juliette Spertus and Ben Miller of ClosedLoops.
The workshops generated a list of additional questions:

Urban Green Council panel on DSNY organics collection and implications for buildings

— How can materials best be moved through the building?

— Should we design our buildings with waste chutes?

— What should be done about cardboard?

— Can we avoid piling bags on the curb?

— Where can architects and developers get guidance on design

requirements and recommendations for best managing waste?

Building visits
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The guidelines were created to answer these questions and others

that emerged during the development process. They follow in the
footsteps of other such interdisciplinary efforts as 2010’s Active Design
Guidelines, serving as both a set of practical recommendations and

an inspiration for improving the quality of life in the built environment.

The guideline development process entailed visits to more than
40 building sites and conversations with porters and supers so we

could understand their buildings’ systems (see Acknowledgments).

Six collaborative workshops were involved:

— Scope-setting advisory committee workshop

— Multifamily residential building workshop

— Commercial and institutional building workshop

— Collection and urban issues workshop, and panel moderated
by ClosedLoops’ Ben Miller, with Elizabeth Balkan, Joseph Marano
and Anthony Ardolino of DSNY, Claudia Herasme of DCP,
Michelle Craven of DOT and Mike Reali of Royal Carting

— Construction and demolition roundtable (organized with Eunomia)
moderated by Cole Rosengren of WasteDive with llana Judah
of FXFowle, Naomi Cooper of Coopertank, Amanda Kaminsky
of Building Product Ecosystems and Dominic Hogg of Eunomia

— QGuidelines review and implementation workshop, and panel
moderated by Clare Miflin, with Mark Chambers of MOS,
Bridget Anderson of DSNY, Alison Novak of Hudson Companies,

Stefan Knust of Ennead Architects and Christina Grace

The process also involved presentations at BuildingsNY, the Northeast
Summit for a Sustainable Built Environment (with Adina Daar of
Wildability), M-SWAB, GreenHomeNYC and DSNY Food Waste Fair,

as well as to REBNY'’s board of directors.

A high point was a visit to the Queens Museum to view the “Maintenance
Art” retrospective of work by Mierle Laderman Ukeles, DSNY’s artist in
residence. Her Manifesto for Maintenance Art 1969! laid out “the
hidden yet essential role of maintenance in Western society—and the

radical implications of actively valuing rather than dismissing or hiding it.”

Collaborative workshops
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The Rockefeller Foundation

Introduction

The Rockefeller Foundation is committed to halving the amount of
food that goes to waste, which has reached crisis levels. As part of this
commitment, we supported AIANY’s Zero Waste Design Guidelines,
which we hope will help cities—starting with New York, and soon others
around the world—as they work toward a waste-free future. Though
these guidelines aim to minimize waste of all types, our focus is on how

approaches like these can play in addressing global food waste.

We produce enough food for everyone on the planet, yet too many
lack proper nutrition because one-third of all food is hever consumed.
This wasted food also wastes all the precious natural resources that
go into its production—like fresh water and farm land—and chokes our
atmosphere with greenhouse gases as it languishes in landfills. Beyond
the impacts on our planet, families lose hard-earned resources, too:
in the United States alone, the average family of four spends $2,000

every year on food they throw away.

Subtle changes in how buildings are envisioned and operated—which
make it easier for occupants to change their own behaviors—can add
up quickly and make a significant impact. We all have a role to play in
cutting food waste, and new approaches to waste management can

help us fulfill that responsibility.

We thank the AIANY team for leading this innovative work, and we look
forward to more efforts that encourage sustainable living habits among

consumers, residents, businesses, and communities worldwide.

Peter Madonia
Chief Operating Officer

The Rockefeller Foundation
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American Institute of Architects

New York Introduction

“New York, let’s clean up New York!” scolded the gravelly voice of
actor Danny Aiello. This popular public service announcement aired
on TV and radio in the 1970s and ’80s. The ad’s chiding tone reminded
me, then a child growing up in the city, and other New Yorkers that it

was our responsibility to keep New York clean.

Years later, while there may be less litter laying about and more trash
receptacles on the city’s corners, streetscapes are dominated by waste:
mountains of bagged trash, recycling blobs and cardboard box towers.
With no alleys and no standardized requirements for on-site trash
storage, New York’s sidewalks become barely navigable as ephemeral

trash supertalls are routinely constructed and dismantled.

The Zero Waste Design Guidelines point out that waste is a design
flaw. With that thought in mind, this report asserts that through design
thinking, New York’s architects, government officials and citizens can

solve our trash predicament.

The chapter has a long history of collaborating with the city on various
guidelines that offer design solutions to improve spaces and lives.
AIANY publications such as the Aging in Place Guidelines for Building
Owners and the Active Design Guidelines have encouraged equitable,

healthy and quality design for a broad range of New Yorkers.

AlA New York is proud to serve as the anchor institution for the
development of the Zero Waste Design Guidelines. True to AIA New
York’s core mission to serve its members, the project originated when
a concerned architect asked the AIANY Committee on the Environment

how she could design buildings that dealt with waste more effectively.

The process since then has been intense. Three meetings on the
subject, held in 2015 and 2016, led to the transformative Rockefeller
Foundation grant. We subsequently scaled up the project, hosting

five public workshops at the Center for Architecture, which served

to inform the content and research for the guidelines. An independent
curator was hired to work with the committee throughout this process
and produce a free and public exhibition on zero waste in 2018.

The exhibition will be accompanied by a full-day symposium, evening
panels and educational programming for New York City schoolchildren.

| am grateful to the large and dedicated team that brought this
ambitious project to fruition, and | invite New Yorkers to once again
join us as we clean up New York, this time with the new goal of

achieving zero waste.

Benjamin Prosky, Assoc. AlA
Executive Director
AlIA New York Chapter | Center for Architecture
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NYC Mayor’s Office of

Sustainability Introduction

The Mayor’s Office of Sustainability works every day to ensure New York
City is the most sustainable big city in the world and a leader in the global
fight against climate change. Achieving these goals require not only the
collaboration of many City agencies, but also the support and collaboration
of residents and professionals throughout New York City. These guidelines
are the result of the hard work and commitment of dedicated New Yorkers
to helping the City achieve its goal of sending zero waste to landfills by
2030 by ensuring that waste management, much like energy and water

efficiency, are central to a building’s design.

Better designed, more effective, and more intentional waste management
Is a hecessary part of the City’s effort to meet its climate goals. Decisions
about waste management, however, aren’t just about the emissions of
greenhouse gases from the waste itself, but all the greenhouse gas emis-
sions associated with the transport and handling of waste within the city,
as well as the upstream impacts of packaging, deliveries, and freight. Better
designed, more effective, and more intentional waste management also
requires acknowledging the integral potential it has to improving a wide

range of quality-of-life, public-safety, environmental, and economic issues.

The Mayor’s Office of Sustainability is pleased to be working with city
agencies, advocates, building design professionals, and communities
to help achieve our OneNYC goals to make New York City more just,

equitable, sustainable, and resilient.

The Zero Waste Design Guidelines are an important step forward

in solving some of the interconnected and complicated challenges of
waste management in our dense urban landscape. The Mayor’s Office
of Sustainability applauds AIA New York, the Center for Architecture,
Kiss + Cathcart, Architects, Foodprint group, ClosedLoops, and

The Rockefeller Foundation for their leadership in the development
of these groundbreaking guidelines. We look forward to seeing how
these guidelines help re-imagine possibilities for use and design

of public and private space, and working with New Yorkers to turn

these ideas into reality.

Mark Chambers
Director
NYC Mayor’s Office of Sustainability
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NYC Department of

Sanitation Introduction

The Department of Sanitation is pleased to participate in the creation
of AIANY’s Zero Waste Design Guidelines to help reimagine waste

management for the future of New York.

Our involvement in this effort marks a departure from the norm.
Traditionally, DSNY and other City agencies have not been invited
to the table or played a role in the upstream generation and
management of waste. In order for us to get to our goal of Zero
Waste to Landfills by 2030, this needs to change.

Waste management takes place in a complex system in which every
element is directly interconnected, from source separation by the
generator, to handling and storage within the building, set-out on the
street, collection, transfer, transport, processing, and disposal. While
there has been a widespread focus on the rules—what materials
should be sorted for recycling and how the materials are processed
at transfer facilities—there needs to be equal focus on proper infra-
structure. Simple adjustments to make source separation more
intuitive and enjoyable can have a significant impact on behaviors.
With a holistic approach that solves challenges for building residents,
managers and staff looking to do the right thing, we can reduce the
economic and environmental costs of waste management, and the

quality-of-life impacts to our public and private spaces.

With aging infrastructure and significant design challenges in our
largely vertical city, we realize the scale of the task at hand. We applaud
AlA and the team that participated in this process for their willingness
to investigate, listen and think more broadly about waste management.
DSNY looks forward to continuing to support this effort together with
the other agencies who share responsibility for the functioning of our

private and public spaces.

Kathryn Garcia
Commissioner

Department of Sanitation
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How to Use the Guidelines

The Zero Waste Design Guidelines are based on the understanding
that the design of our buildings and city is crucial in reaching zero
waste goals. Although the geographic focus is NYC, many of the
strategies presented may be transferable to other cities. The guidelines
have been compiled as a tool for those responsible for planning,

constructing and managing our buildings, streets and neighborhoods.

Waste management is poorly understood and not even considered
by most designers, and waste managers and experts rarely get
involved in design and planning. The built result is often a system full
of friction, in which maintenance people create ad hoc solutions to
compensate for the lack of design and foresight. The guidelines aim
to educate designers and development teams about the role design
can play in better managing waste materials—those discarded daily
within our buildings and those stemming from the construction,
renovation and demolition of the structures themselves. Well-designed
waste collection systems can be viewed as an amenity that can be
programmed into our buildings and public spaces. Design solutions
range from macrolevel suggestions for circular material loops to
microlevel details as the shape of container openings for waste in

a recycling station.

The guidelines categorize waste-management operations by
typologies—for particular building types—intended to help users

identify opportunities relevant to their situation. An interactive

Waste Calculator approximates how much waste an individual building
must plan for, under a variety of potential operating scenarios.
Infographics illustrate maintenance operations, NYC regulations and
other relevant considerations in spatial terms. Best practice strategies
offer recommendations that are illustrated by case studies from

NYC and beyond. While some of these best practices are possible
now, others would require policy changes, which are covered in

a later chapter.

The guidelines should be used as early as possible in the design
process, ideally during programming and scoping. While new buildings
can incorporate a greater array of strategies, existing buildings can
often improve their systems considerably. The guidelines are best
used as part of an integrative design process involving the entire
[team—clients, designers, contractors, operators—in setting goals

and designing a system that maximizes the potential of achieving

the city’s zero waste objectives.
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Executive Summary
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Staten Island Transfer Station. Every day around
10,000 tons of refuse is collected by DSNY trucks
and dumped at waste transfer stations. At this
station 750 tons a day are loaded onto railcars
to begin their journey to a South Carolina landfill.




Waste is a design flaw: in our packaging, in our products
and 1in our buildings and cities. Ecosystems recycle
materials indefinitely in circular loops, but the human-
designed system discards 99% of the materials extracted
from the earth within six months.! The Zero Waste Design
Guidelines address the crucial role that the design

of our buildings and city play in achieving zero waste.

Every day, tens of thousands of truckloads of materials—brand-new
goodes, clothes and food—enter our city to be parceled out in boxes,
delivered urgently and consumed. Bags of discards line our streets,
attracting vermin and monopolizing valuable public space. Thousands
more heavy collection trucks take these materials to waste transfer
stations, clogging the streets, polluting the air and degrading the
quality of life in surrounding neighborhoods. Most of these materials
are trucked to landfills in distant states, where they end up as trash,
polluting the soil and air. This process costs New Yorkers over a
billion dollars a year in taxes.” Through design, this system could be
transformed. Discarded materials are a valuable resource that can
be directly reused, fixed or recycled into new materials, compost

and energy—while providing jobs within the city.

New York City has set a bold goal of sending zero waste to landfill by
2030. To achieve this, we need to design our buildings to better manage
the movement of materials through them. Designing for material flows

in our buildings is not the same as designing for energy and water flows.
Materials are mainly moved by human labor, and they are not uniform—

they can be useful, hazardous, recyclable or food for worms—so need

to be sorted to be used as resources rather than trashed. Zero waste
requires an integrated approach with architects, planners and build-
iIng operators working together to design a coherent system in which
materials are easily separated, handled, stored and collected in their
own streams.

The process of developing the Zero Waste Design
Guidelines has been collaborative and extensive.
It has i1involved visits to more than 40 buildings,
discussions with porters and supers and the
distillation of findings into typologies. Through
multidisciplinary workshops, architects, planners,
developers, city officials, building owners and
operators helped develop and evaluate strategies
for each typology, which the guidelines present.

Building Design: Planning for Separation,
Movement and Storage of Waste in Our Buildings

Today’s architects routinely strive to reduce embodied and ongoing
energy and water usage in their designs. Similarly, they should
design their buildings to reduce the ongoing waste that's generated
and managed within them, as well as the waste from the construction
and demolition process itself. Design can change human behavior
and incorporate economic and social incentives for wasting less

and recycling more.
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As additional material streams such as organic waste, textiles and

e-waste are collected, we need our buildings to facilitate their separation.

In most buildings, trash disposal is top priority, which makes diverting
other materials less convenient. Organics present new challenges:
they’re heavier than other recycling streams, they also decompose,

thus need to be contain-erized, ventilated and collected more often.

Good design makes it easy to separate discarded materials for reuse
and recycling. The waste calculator provided in the guidelines facilitates
this by providing designers with a tool for calculating the volumes

of all the streams that need to be captured and managed. Best practice
strategies show how designers and building operators can plan for
material flows through buildings by reducing wasted materials, sepa-
rating waste streams and compacting them for easier transport

and storage. They also show how to provide for efficient collection

of the separated waste streams.

Collection and Urban Design: Planning for Waste
Collection on Our Streets

The vast majority of our waste is moved out of our buildings in bags,
stacked on sidewalks and tossed by hand into trucks. As their presence
Is temporary, city planners have traditionally left waste collection out

of street design. Nonetheless, how bags are set out on and picked up
from sidewalks and streets has a marked effect on the quality of urban
life and the amount of waste diverted. As our city’s density increases,

this solution becomes less and less tenable.

Moving toward containerization, with its use of wheeled and large
compacting containers, is one way to manage waste in public space—
reducing the amount of precollection handling required and allowing
for automated pickup. Many existing buildings lack adequate space

for containers and access to equally convenient recycling and organics
collection. Consolidating waste in facilities shared by buildings or
neighborhoods could expand the adoption of best practices beyond
new construction. Planners could incorporate this infrastructure into

master plans, urban renewal projects and street design as an amenity.

Conclusion

Design has a crucial role to play in transforming our
city, along with 1ts systems and citizens, to reach
zero waste. Design can compel us to change our behavior
and consumption patterns so we reduce, share, reuse
and assign space for managing discards so they too

can be reused or recycled.

The Zero Waste Design Guidelines aim to serve as both inspiration
and resource to help designers, operators and planners collaborate on
modifying existing buildings and designing new ones that dramatically
reduce our waste and work toward circular material flows. To lessen
the significant friction in our current system, this necessarily iterative
process will demand the commitment and creativity of a wide range

of New Yorkers.

ZERO WASTE DESIGN GUIDELINES / Executive Summary
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These guidelines embody OneNYC’s goal: to be “the most
sustainable big city in the world and a global leader in the fight
against climate change.” Though drafted for New York, they were

desighed to be adaptable to other cities as well.

ZERO WASTE DESIGN GUIDELINES / Executive Summary
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What 1s Zero Waste?

Zero waste Is a visionary goal and a plan of action. The Zero Waste Aware of the ambitious nature of this goal, ZWIA recognizes zero waste
International Alliance (ZWIA) defines it as follows : communities and businesses as those that divert 90% of their waste

from landfills, incinerators and the environment. ZWIA claims that zero

Zero Waste 1s a goal that 1is ethical, economical, waste programs are the fastest and most cost effective way for local
efficient and visionary, to guide people in changing governments to promote sustainability, reduce environmental impacts,
their lifestyles and practices to emulate sustainable protect health and create green jobs.

natural cycles, where all discarded materials are

designed to become resources for others to use. ZWIA recognizes that change must come on multiple levels: in indu-
strial production and design; consumption, discard use and disposal

ZWIA recognizes that this can’t be achieved by simply changing waste within a community; and the political will to accomplish these goals.

management practices; changes must occur upstream, too: In the Zero Waste Design Guidelines, we focus on the role design
can play in the second level— altering patterns of consumption,

Zero Waste means designing and managing products discard use and disposal.

and processes to systematically avoid and eliminate

the volume and toxicity of waste and materials, Many cities in the United States and around the world have set
conserve and recover all resources, and not burn zero waste goals, among them New York City, Dallas, Los Angeles,
or bury them. San Francisco, Vancouver, Buenos Aires, London, Milan, Paris

and Tokyo. The plans may differ, but the overarching goal is to stop
The goal is to stop all negative impacts of waste disposal to all the relentless transformation of natural resources into garbage.
living things: Achieving this goal would go far in eliminating the many negative
local and global consequences stemming from the current misma-
Implementing Zero Waste will eliminate all discharges nagement of our life-sustaining material flows.
to land, water or air that are a threat to planetary,
human, animal or plant health.
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A lichen is made up of two organisms—an alga and a
fungus. They can both live alone, but when conditions are
tough they collaborate and become much more resilient.
According to Robin Wall Kimmerer, botanist and author
“In a world of scarcity, interconnection and mutual aid
become critical for survival. So say the lichens.”




Increasingly, designers are considering opportunities
unique to place, along with the broader consequences
of their design decisions. Architects are designhing
buildings to conserve energy and water and take
advantage of available sunlight and rainfall. Civil
engineers and landscape architects are designing

our sidewalks and tree pits so instead of overloading
sewer systems, stormwater soaks back into the ground.
Urban planners are designing inclusive public spaces
that help forge social connections and lead to heal-
thier, more resilient communities.! We can also design
the built environment to support the stewardship

of materials.

Every day, tens of thousands of trucks full of packages of food, clothing
and other products enter New York City to be delivered, unpacked,
and consumed. And every day, approximately 24,000 tons of discarded
material leave the city as waste.” The consequences of this constant
material flow through our streets and buildings are substantial:

Trucks crowd our streets, creating air pollution, traffic accidents and
climate change. The infrastructure that consolidates these materials
for processing and disposal disproportionally affects disadvantaged

neighborhoods, where asthma levels far exceed city averages.®

Since 1989, when NYC'’s first mandatory recycling law passed, a portion
of the city’s discards have been recycled. Some of this recycling takes
place locally—notably, at the Pratt Industries paper plant on Staten

Island—but the majority of these secondary commodities are sent to

Clockwise from top: NYC Parks’ Bushwick Inlet Park facility uses sunlight for electricity
and the ground as a heat exchanger and collects rainwater for reuse; Herald Square, part
of the DOT plaza program; DEP rain garden for stormwater infiltration

be processed hundreds or thousands of miles away. More recently,
a fraction of the city’s waste stream has been composted. Everything
else, (about a third of which is organic), is trucked or shipped by

rail an average 300 miles away,” mainly to landfills but also to some

ZERO WASTE DESIGN GUIDELINES / Chapter @1: CONTEXT
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Containers being loaded onto railcars at the Staten Island Transfer Station
for transport to a landfill in South Carolina

waste-to-energy incinerators. This disposal costs the city upwards of
$350 million a year.”> And for the next 20 or so years, the decomposition
of the organic waste in the landfill will release methane, a greenhouse
gas 30 times more potent than carbon dioxide.®

The upstream environmental consequences of extracting raw

materials from fields, forests, mines and wells and turning them into
products that are transported to our doors for consumption are vast.
This process, which generates 60 times more waste than we throw

into the bin,’” absorbs significant quantities of energy, water and human

effort. The rare metals we need to constantly update our electronic

E-waste dumping in Ghana

devices are extracted from hazardous mines, often by children.®
Much of our clothing is produced in inhumane conditions to meet
the rising demand for cheap, disposable fashion.” This consumption
disproportionally affects the global poor, whether through pollution,

labor violations or climate change.'?

Over the last 30 years, we have depleted a third of the earth’s natural
resources, and we're at risk of exhausting them entirely.’* A recent
United Nations report drew attention to a worldwide shortage of one

of the most ubiquitous substances: sand.'” Ever escalating development

has consumed it in concrete, asphalt and base courses for buildings

ZERO WASTE DESIGN GUIDELINES / Chapter 01: CONTEXT
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and roads; sand is also used to make glass. In seeking more sources
of raw materials, we have discovered that some landfills have a higher
proportion of valuable and recoverable metals than do some ore
deposits we're mining.-° European countries are starting to mine
landfills, to recover metals, energy and the land itself.”" Couldn’t

we design a better system for using our finite resources?

Pratt Industries paper plant

OneNYC: New Goals

NYC’s ambitious plan for the future, entitled “One New York: The Plan

for a Strong and Just City,” (2015) aims to move the city toward circular

material loops. > Expanding upon 2007’s PlaNYC, the vision encompasses

growth, equity, sustainability and resilience. The goals include having
the best air quality among large US cities, reaching zero traffic fatalities,
reducing greenhouse gas emissions by 80%, lifting 800,000 New Yorkers
out of poverty, creating stronger communities and sending zero waste
to landfills by 2030. To develop the goals cross agency working groups
envisioned how reshaping the physical city could address a range

of social, economic, and environmental challenges on the municipal

and regional scale.

NYC’s Current Waste System: At the Macro Level

The diagram below gives us a view of the waste DSNY manages, which
Is residential waste as well as many institutions’ waste. A similar amount
of waste generated in commercial buildings is managed privately, but

there is not enough reliable data to include it in the diagram.

Right now, we are far from zero waste. Although paper recycling and the
separation of metal, glass and plastic (MGP) are mandatory, only about
50% of such materials are separated in our buildings. And although NYC
has expanded its organics collection program to 2 million residents,

only a small fraction of our organic waste is diverted.
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DSNY WASTE STREAM DIAGRAM

Waste
12,552
tons/day

Notes:

Capture rate is the proportion of
recyclables that get diverted, and is
measured per waste stream—e.g., for

Recyclables
9,043 tons

Trash
3,509 tons

Paper & Cardboard

Textiles
Other

Organics

Non-Divertable

Paper & Cardboard = 1,045/2,101 = 50%

Diversion rate is the proportion of
the total waste stream that is diverted
from disposal = 2,373/12,552 = 19%

18% Paper & Cardboard

15% Metal, Glass, Plastics (MGP)

6% Textiles

4% E-Waste, Hazardous, Other Divertable

31% Organics suitable for Composting:
Food Waste, Food-Soiled Paper, Yard Waste

26% Other

Refuse is defined as the waste stream
that gets disposed (ie sent to landfill
or waste to energy incinerators)

Paper to Pratt Paper Mill in NYC

Paper and MPG to Sims MRF,
baled and sold on the
international market

Textile reuse and recycling
(e.g., Housing Works)

E-Waste reuse and recycling
nationally

Other donations, reused locally

Composting or anaerobic
digestion locally

+ 75% to Landfill

+ 25% Waste to
energy incinerators
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As the diagram shows, there are various ways to reduce the volume
of materials sent for disposal so that by 2030, the volume will be just
10% of the amount we landfilled in 2005. These include:

— Reducing waste generation, especially types of waste that can't
be processed for reuse.

— Collection of additional recyclable materials—such as organics,
textiles, bulk reuse and carpets.

— Increasing capture rates of recyclable materials so that more

of each material stream gets diverted rather than disposed.

DSNY is developing policies to implement these approaches (see Chapter

2). Designing buildings to accommodate these policies will be critical

to their success. Items that can be reused directly should not enter the
waste system. Organics separation should be convenient and hygienic.
Recyclable materials must be separated correctly and protected from
weather, else they may end up in the landfill. Financial incentives must be

passed on to individual households or businesses if behavior is to change.

NYC’s Current Waste System: A Micro Level View

Rarely do architects have the opportunity to spend time in a finished
building to see how well it works. In developing the guidelines, we talked
with those who manage waste and followed its path from initial disposal

to setout for collection; this allowed us to gain a micro level understanding
of the process as it unfolds according to each building’s unique

circumstances.

Recyclables blocking
egress corridor
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We saw many buildings whose procedures for materials flow were lacking.
Storage was inadequate and too far from the setout location, routes were

circuitous, waste had to be set out in a tree pit or in front of the entrance,

and the disposal of recycling and organics was far less convenient than trash

disposal was. Some of these situations resulted from architects’ oversights
while others came from changes developers made during construction,

to give more space to commercial tenants. We saw that these situations
introduced points of friction into the system, frustrating workers daily and
often leading to ad hoc suboptimal solutions, all of which reduced the

diversion of designated recyclable streams.

Over the course of these visits, we noticed a common thread among
successful buildings. When the whole team communicated—management,
staff, occupants and haulers, DSNY and private alike—and members worked
together creatively, problems were solved and all players felt engaged

and motivated to improve the system. (See StuyTown, Strivers Gardens

and Etsy case studies.)

Many staff members remarked on the dramatic rise in the quantity

of cardboard. When not neatly stacked or baled, it filled waste rooms

or overflowed into corridors and blocked access to service areas

and exits. We saw many buildings producing more waste than could
reasonably fit on a sidewalk. We saw residential buildings managing

their wastes well but observed that adding a separate organics collection
would be a challenge, because the trash rooms were either too small

or unventilated, or because staff would have to maintain many small
containers and return them inside after collection. Clearly some things

must change if the city is to reach its zero waste goals.
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Example of a circuitous route for waste setout in the grey space of a plan
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History, Sources and Trends in Material Flows

Early hunter-gatherers created no waste because all their discarded
materials were natural. But even then, humans used their powers
of design to make better tools."” As societies developed, buildings
evolved as products of our advancing design skKills, but their forms
and functions were strongly rooted in place. Local vernacular
architecture illustrates this connection. As humans built cities, the
density of habitation meant that wastes needed to be managed to
reduce odors, vermin and disease. Ancient cities such as the Aztec
empire’s Tenochtitlan (now the site of Mexico City), population
200,000, recycled all its wastes within the city for productive reuse.
Food waste was used in growing crops or fed to animals bred for
consumption. Human waste was used as fertilizer, as well as to tan
leather and fix fabric dyes. Combustible materials like textiles were
burned to illuminate public spaces. There are no records of Aztec

garbage dumps.

New York City’s European founders were far less sophisticated in their
management of materials. Most of their solid waste was thrown on the
street and trampled into the manure left by the horses that formed
the city’s primary means of surface transport. If or when this waste
was swept up, it was deposited in ponds, swamps and other low-lying
areas or dumped into the harbor or the nearest river.-* The birth of
the Department of Sanitation—in 1881, then called the Department of

Street-Sweeping—was for sanitary and aesthetic purposes rather than

for materials management. In the early 19th century, most of the organic

waste—street-sweepings composed mainly of manure and straw—was

taken to Long Island fields, where it was used to fertilize fields so more
hay would grow to supply the city’s transport and dairy industries.

At that time, most designed materials such as fabrics, ceramics and
glassware were expensive, so they were repaired or used for other
purposes. After scavengers had combed through the collected waste
recovering metal, glass, buttons, rags, paper, bones and food scraps,

what was left (mainly ashes) was dumped at sea.

After World War | (for which nitroglycerin extracted from NYC’s

refuse provided much of the firepower), new discoveries led to less
costly ingredients for making fertilizer, soap and other goods, and
complaints from neighbors led to the closure of the city’s offensive
“waste reduction factories.” With their demise (and the 1934 Supreme
Court-enforced cessation of ocean-dumping), wastes were inci-
nerated or piled somewhere, such as on the shores of the Fresh

Kills Creek, where the shell of the city’s last waste-reduction plant

still stands.

As the population grew in the late 19th century, so did the demand
for natural materials like wood, metal, stone, bone and ivory. Human
ingenuity led to the design of materials to replace those. Celluloid,
the first synthetic polymer, was invented in 1869 as a substitute

for ivory, which had become scarce with the increased popularity

of billiards. Though celluloid didn’t make for great billiard balls, it had
many advantages over natural materials: It didn’t get slimy when

wet, like wood; it didn’t crack like ivory; it didn’t turn brittle like natural
rubber; and it was easily colored.> What’s more, it spared natural

resources. According to the manufacturer, in 1878, “As petroleum
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Early New York City sanitation cart dumping residual waste into the harbor

came to the relief of the whale, so has celluloid given the elephant,
the tortoise and the coral insect a respite in their native haunts;
and it will no longer be necessary to ransack the earth in pursuit

of substances which are constantly growing scarcer.”

Bakelite, the first fully synthetic plastic, was invented in 1907

as a substitute for shellac, used for insulating the wires required as
the United States rapidly electrified.“” Electrification also changed
the waste stream, which in 1918 was 75% ash but by the early 1920s

included increasing amounts of packaging and disposable products,

Freshkills landfill on Staten Island opened in 1948 and by 1955 was the largest
landfill in the world

chiefly made from paper.-° Oil supplied the raw material to produce
plastic on an industrial scale. It also drastically lowered the cost of

transportation, allowing access to low-cost labor in distant places.

With World War |l came huge increases in material demand, leading
to rationing, the salvaging of household waste and a 300% increase
in plastics production. After the war, the surplus industrial capacity
was used to make products for the new postwar future of the 1950s,
to keep the economy growing. Salvage was no longer needed and,

in fact, actively discouraged.
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World War II posters from the Office of War Information

As Victor Lebow, a marketing consultant, stated, “Our enormously
productive economy demands that we make consumption our way of life,
that we convert the buying and use of goods into rituals, that we seek our
spiritual satisfactions, our ego satisfactions, in consumption...We need
things consumed, burned up, worn out, replaced and discarded at an ever

Increasing pace.”

The Aluminum Company of America (Alcoa) was one of the first companies
to market a product desighed to emphasize convenience over longevity.

Ads for its single-use cooking containers asked consumers if they wanted

Steam pressure vessel for making bakelite Color chart for Bakelite, 1924
from Leo H. Baekeland’s laboratory, 1909

to avoid so-called fuss with washing. “Just throw out the dirty pan!”

they exhorted.

A couple of decades later, when it seemed that the littering of the land-
scape would turn public opinion against excessive packaging, industry
groups embraced the concept of recycling. Rather than interfering with
the production of products and packaging materials upstream, recycling
opened up another form of industry. Single-use packaging offered a
means for companies to promote their product over others and became

the primary method of communicating with consumers, as the large
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Packaging from the 1950s and 1960@s United Nations Secretariat building by Oscar Niemeyer, Le Corbusier and others,
completed in 1952, was the first skyscraper in NYC to use a curtain wall.

new supermarkets had no shopkeepers to give advice. Single-use
plastic beverage containers also eliminated the logistical costs to

distributors of managing reusable bottles, thus strengthening the

competitive advantage of large national companies over smaller

local breweries and drinks producers.

Just as happened with product design, architecture embraced

the possibilities of new materials in the postwar quest for modernity—
a bright new utopian future, freed from the burdens of the past.

The new architectural style was International, built to experiment

with the new capabilities of materials: concrete, steel and glass.
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Our inventiveness and design sKkills have led us to an unsustainable
linear system of cradle-to-grave consumption. These skills will also be
essential in transforming our current system to one that considers our
quality of life and that of all other species. This change will require us

to broaden our outlook and deepen our understanding of the system.

The first in-depth attempt to understand the system of human con-
sumption patterns in a world of finite resources was Limits to Growth.
One of the book’s authors, Donella H. Meadows, was so discouraged by
the lack of action in response to their findings, she spent the rest of her
career exploring how to change systems. Such change requires what
Meadows calls “dancing with systems,” °- an approach that involves
observing at the big-picture level and the detailed level, staying humble
and a learner, expanding time and thought horizons and attending to
what is important, not just what is quantifiable. One of the most effective

leverage points she identified was to change the goals of the system.

Designing for Material Flows

The goal of zero waste has been inspired by nature, whose materials
are recycled in circular loops, in elegant and intricate designs that
optimize resources. Many man-made materials such as aluminum, glass
and gypsum wallboard can be recycled in perpetual loops too, but only
If we design our materials, products and processes to allow for this.

If our buildings and cities are designed so we can easily separate

our cans and food scraps, then our landfills wont emit methane and

we won't need to mine them later when there’s no aluminum left.

An industrial system based on circular material loops and maximizing
of assets, reuse and recycling is known as the circular economy,

and leads to economic, environmental and social benefits.

Technical and biological (organic) materials are separated into
two loops. The inner transformation loops—sharing, maintaining
and reusing—use less energy and resources than the outer loops
of refurbishing or recycling. These priorities align with those

of the ‘waste hierarchy'.

Visualizing architecture’s role in promoting circular material loops
within a system can be done with a stock and flow diagram. In the
center is the stock—for example, the amount of organic materials In
the trash of a residential building. The goal is to decrease this stock,
which can be done by reducing the flow of organic waste being
discarded (left-hand side of the diagram) or by increasing the flow
of organic waste to places other than the landfill (right-hand side).
Factors that influence these material flows are added to the diagram,
and those that an architect can influence are outlined in red. System
diagrams can expand considerations, and other causal loop diagrams
can identify factors with greater potential for system change. Two
factors we determined were very important are the ease of transport
through the building (how to manage material flows (see Planning
for Waste as a Material Flow) and feedback loops that influence
behavior. (See BPS 2.11)

Designing a method to move discarded materials through a building

requires knowledge of the materials’ quantity and composition.
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Circular Economy diagram

Most architects have no means of calculating this. How can one design
for an unknown quantity of materials that need to be separated, stored
and moved to the curb every day? These guidelines include a calculator
that will give architects the ability to estimate the quantity of recycling,
organics, textiles and trash they can expect in their building—and options
for reducing the volume and transporting it—so that they can design

for material flows.

Engineers specify the conduits and pipes that transport gas, electricity,

and potable and waste water in and out of buildings, independent of human
labor. Materials, however, are not uniform and are largely moved by hand.
Decisions must be made every step of the way: Do | want this anymore?
Which bin does it belong in? Where should | set out this bag? The materials
are handled many times by different people before reaching the final pro-
cessing or disposal location. The decisions are made in response to many
factors and in many locations, not just in a waste room. We need to broaden
the view of what designing for zero waste means, beyond a trash chute

or a bin enclosure, to the whole building and even the neighborhood.

Architects need to consider not only occupants but also building staff

and collection personnel, as the management of a building’s materials

is interwoven with the management of flows within the city. The design

of waste setout in an isolated building has a powerful effect on the quality
of life on the street, and the design of the street and sidewalk influence
how waste is managed in a building. So designing a city for material flows
requires an integrated approach, with architects, planners, developers,
communities, waste haulers, reuse organizations and government agencies

working together.
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ORGANIC WASTE SYSTEM DIAGRAM

Lack of knowledge about Facilities for AD and composting

how to store fresh foods

Convenience of grocery stores -
Organics diversion to DSNY curbside pickup Dropoff facilities /pick

Date on label reached - Over serving Not eating wh.ole sewer system of organics up services for organics
vegetable /7animal ~ |
Planning Frequency of food buying
Lack of feedback loops On site composting Ability to divert
FOOO QONAION s e e e e e s e e et e e e e s and incentives facilities organics
Good food SpOIled FOOA
Organic waste production Organic waste diversion

(in apartment) (in building)

Bulk size packaging “*Unseen” food in kitchen

Building staff divert organics Residents divert organics ............oooooeiiinin, Ease of diversion
Ease of transport -«-c-eevv Weight of organics Absence of organics Inconvenient location
through building bins in apartment of organics bins
Ventilation Concerns re: flies, Building logistics Lack of space for
vermin, and smells and layout organics bins in building
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Decision points: Which bin does it belong in?

Learning from Ecosystem Change

By comparing the attributes that develop in nature as ecosystems
mature into diverse, resilient systems with circular resources flows,
we can gain insight into ways human systems can be designed

to do the same.

Many species develop long-term mutually beneficial relationships,
iIn which services are swapped for resources. For example, squirrels
collect acorns, clean them, leaving their scent on them, before burying

them Iin hundreds of locations, scatter hoarding them for the winter

Staff pushing tilt truck through service corridor

months. When the squirrels don’t find all the acorns, those that remain
buried are well positioned to germinate, dispersing the oak trees’ seed

to new areas.

DSNY’s partnership with Housing Works, called refashionNYC, is also

a service-resource mutualism. The agency benefits because it is able to
use fewer resources for refuse collection and disposal. Housing Works

is able to collect more textiles for resale in its stores, and the profits fund
housing and healthcare for HIV-positive people. Such win-win relationships
help propel the waste system in the direction of circular material flows

while reaping benefits for the city. More broadly, the rise of collaborative
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consumption—explained by Rachel Botsman as “an economic model
based on sharing, swapping, trading or renting products and services,

enabling access over ownership” °>—slows down material flows through

the efficient use of assets, resulting in less waste.

Niche specialization, or adaptation to fill a narrow role, is another
characteristic that increases as ecosystems develop. BKRot,

a composting group in the Bushwick neighborhood of Brooklyn

Is a specialist in NYC’s waste and social systems. The group finds

vacant plots of land and employs local youth to collect food waste

Lichen is an example of a mutually beneficial relationship between alga and a fungus.

by bike, from restaurants and households. Waste is composted
as the lots are transformed into community gardens and finished
compost is sold in local stores and to neighbors and other gardens.

Many successful companies participating in the collaborative
economy are niche specialists, such as those that offer freelancers

space to work in restaurants that are closed during the day.
Informational feedback loops become more prevalent as an ecosystem

develops and act to balance the system. In NYC, electricity usage

is always metered and is frequently submetered for individual units.

BKRot’s composting operation
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Financial incentives and informational feedback have both been
shown to change behavior, reducing energy usage.”® Our waste system
is woefully short on information and feedback loops, and developing

these within our buildings could help balance our material flows.

Increasing opportunities for feedback loops, collaboration, social
interaction and niche specialists can help transform NYC’s system.
Designing waste solutions at a community level, which capitalize on
a heighborhood’s unigue characteristics, opens opportunities for
collaboration that are otherwise unavailable at the city or individual

building level (see Punt Verd and Clichy-Batignolles case studies).

The design of a city reflects and guides its citizens’ aspirations.
Transforming the city to reflect the goals of OneNYC will inspire
New Yorkers to live in a way that helps reach them. If we design
for pedestrians and cyclists, people will walk and bike. If we design

for material flows, people will reduce their waste.

In her “Manifesto for Maintenance Art, 1969!” DSNY artist in residence
Mierle Laderman Ukeles distinguishes between development—which
she associates with separation and individuality; and maintenance—
which she associates with unification and perpetuation of a family, city
and the earth.”’ Ukeles merges art and maintenance in a collaborative,
creative and cohesive process—one we need to bring into architecture
as well. If we consider material flows as well as other natural resources,
our buildings can weave together human and natural systems to

ensure the future of our city.

ZERO WASTE DESIGN GUIDELINES / Chapter @1: CONTEXT

57



References

For an example of planning public spaces to support social
connections, see the research project announcement “Health, Equity
and Public Space,” Gehl Institute, 8/28/2017; http://gehlpeople.com/
blog/health-equity-and-public-space/.

New York City Independent Budget Office, “Ten Years After: Assessing
Progress on the City’s Solid Waste Management Plan” (8/2017),
http://www.ibo.nyc.ny.us/iboreports/ten-years-after-assessing-
progress-on-the-citys-solid-waste-management-plan-2017.pdf.

Transform Don’t Trash NYC coalition, “Clearing the Air:

How Reforming the Commercial Waste Sector Can Address Air Quality
Issues in Environmental Justice Communities” (undated): 5,
http://transformdonttrashnyc.org/wp-content/uploads/2016/09/Final-
draft-v3_TDT-Air-Qual-Report_Clearing-the-Air-1.pdf.

Citizens Budget Commission, “Taxes In, Garbage Out” (5/2012),
11, https://cbeny.org/sites/default/files/REPORT_SolidWaste._
053312012.pdf.

City of New York, “OneNYC: The Plan for a Strong and Jdust City,”
185, https://onenyc.cityofnewyork.us/.

United States Environmental Protection Agency, “Overview of Greenhouse
Gases, Methane Emissions,” https://www.epa.gov/ghgemissions/overview-
greenhouse-gases#methane.

Adam I. Davis, “Recycling the New York Times Magazine for Fun and
Profit,” originally published in Ecofables/Ecoscience 1, no. 2

(Palo Alto: Stanford University Center for Conservation Biology,
summer 1998), https://web.stanford.edu/group/CCB/Pubs/Ecofablesdocs/
recycling.htm; for discussion of “gross national trash” from
industrial processes relative to municipal solid waste, see Jdoel
Makewers, “Two Steps Forward: Calculating the Gross National Trash,”
in GreenBiz (3/20/2009), https://www.greenbiz.com/blog/2009/03/20/
calculating-gross-national-trash.

Amnesty International, “This Is What We Die For: Human Rights Abuses in
the Democratic Republic of the Congo Power the Global Trade in Cobalt”
(1/2016), https://www.amnesty.org/en/documents/afr62/3183/2016/en/.

Human Rights Watch, “Work Faster or Get Out: Labor Rights Abuses
in Cambodia’s Garment Industry” (2015), https://www.hrw.org/sites/
default/files/reports/cambodia®315_ForUpload. pdf.

10.

11.

12.

135.

14.

15.

16.

17.

18.

19.

20 .

21.

Stephane Hallegatte et al., “Shock Waves: Managing the Impacts

of Climate Change on Poverty,” Climate Change and Development Series
(Washington, DC: World Bank, 2016), https://openknowledge.worldbank.
org/handle/10986/22787.

Organisation for Economic Co-operation and Development, Material
Resources, Productivity and the Environment (Paris: OECD Publishing,
2/12/2015), 9, http://dx.doi.org/10.1787/9789264190504-¢n.

United Nations Environment Programme, “Sand, Rarer Than One Thinks”

(3/2014), https://na.unep.net/geas/archive/pdfs/GEAS_Mar2014_Sand_
Mining.pdf.

Nils Jdohansson, “Landfill Mining: Institutional challenges for
the implementation of resource extraction from waste deposits,”

dissertation (Linkdping, Sweden: Linkdping University Electronic
Press, 2016) 23-24.

Nils Johansson, “Landfill Mining,” 21.

“Through these steps, New York City will become a global leader

in the movement to develop a ‘circular economy’ where resources are
used again and again, rather than mined from the earth and dumped
into landfills.” “OneNYC,” 180.

“OneNYC,” 14.

DSNY Press Release, 7/3/2017, http://wwwl.nyc.gov/assets/dsny/about/

press-releases/pr2017/07032017.shtml.

For an example of the effects of contamination on opportunities
for recycling, see Will Flower, “What Operation Green Fence Has Meant

for Recycling,” in Waste 360 (2/10/2016), http://www.waste360.com/
business/what-operation-green-fence-has-meant-recycling.

Combs were one of the earliest human tools, according to Susan
Freinkel, “A Brief History of Plastic’s Conquest of the World,”

in Scientific American (5/29/2011), https://www.scientificamerican.
com/article/a-brief-history-of-plastic-world-conquest/.

https://ourworld.unu.edu/en/the-aztecs-of-mexico-a-zero-waste-

soclety.

Benjamin Miller, Fat of the Land: Garbage in New York, the Last
Two Hundred Years (New York: Basic Books, 2000), 17-80.

ZERO WASTE DESIGN GUIDELINES / Chapter @1: CONTEXT

58


http://gehlpeople.com/blog/health-equity-and-public-space/
http://gehlpeople.com/blog/health-equity-and-public-space/
http://www.ibo.nyc.ny.us/iboreports/ten-years-after-assessing-progress-on-the-citys-solid-waste-management-plan-2017.pdf
http://www.ibo.nyc.ny.us/iboreports/ten-years-after-assessing-progress-on-the-citys-solid-waste-management-plan-2017.pdf
http://transformdonttrashnyc.org/wp-content/uploads/2016/09/Final-draft-v3_TDT-Air-Qual-Report_Clearing-the-Air-1.pdf
http://transformdonttrashnyc.org/wp-content/uploads/2016/09/Final-draft-v3_TDT-Air-Qual-Report_Clearing-the-Air-1.pdf
https://cbcny.org/sites/default/files/REPORT_SolidWaste_053312012.pdf
https://cbcny.org/sites/default/files/REPORT_SolidWaste_053312012.pdf
https://onenyc.cityofnewyork.us/
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#methane
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#methane
https://web.stanford.edu/group/CCB/Pubs/Ecofablesdocs/recycling.htm
https://web.stanford.edu/group/CCB/Pubs/Ecofablesdocs/recycling.htm
https://www.greenbiz.com/blog/2009/03/20/calculating-gross-national-trash
https://www.greenbiz.com/blog/2009/03/20/calculating-gross-national-trash
https://www.amnesty.org/en/documents/afr62/3183/2016/en/
https://www.hrw.org/sites/default/files/reports/cambodia0315_ForUpload.pdf
https://www.hrw.org/sites/default/files/reports/cambodia0315_ForUpload.pdf
https://openknowledge.worldbank.org/handle/10986/22787
https://openknowledge.worldbank.org/handle/10986/22787
http://dx.doi.org/10.1787/9789264190504-en
https://na.unep.net/geas/archive/pdfs/GEAS_Mar2014_Sand_Mining.pdf
https://na.unep.net/geas/archive/pdfs/GEAS_Mar2014_Sand_Mining.pdf
http://www1.nyc.gov/assets/dsny/about/press-releases/pr2017/07032017.shtml
http://www1.nyc.gov/assets/dsny/about/press-releases/pr2017/07032017.shtml
http://www.waste360.com/business/what-operation-green-fence-has-meant-recycling
http://www.waste360.com/business/what-operation-green-fence-has-meant-recycling
https://www.scientificamerican.com/article/a-brief-history-of-plastic-world-conquest/
https://www.scientificamerican.com/article/a-brief-history-of-plastic-world-conquest/
https://ourworld.unu.edu/en/the-aztecs-of-mexico-a-zero-waste-society
https://ourworld.unu.edu/en/the-aztecs-of-mexico-a-zero-waste-society

22 .

235 .

24 .

25.

26 .

27 .

28.

29.

30 .

31.

52 .

335.

34 .

55.

56 .

357 .

Miller, Fat of the Land, 17-80.

Nicole Shukin, Animal Capital: Rendering Life in Biopolitical Times,
(Minneapolis: University of Minnesota Press, 2009).

Freinkel, “A Brief History.”
Freinkel, “A Brief History.”

Heather Rogers, Gone Tomorrow: The Hidden Life of Garbage,
(New York: The New Press, 2005), 65.

Rogers, Gone Tomorrow, 114.
Rogers, Gone Tomorrow, 116.

Rogers, Gone Tomorrow, 136.

Donella Meadows et al., Limits to Growth: A Report for the Club
of Rome’s Project on the Predicament of Mankind (New York: Universe
Books, 1972).

Donella Meadows, “The Dance,” Donella Meadows Archives (undated),
http://donellameadows.org/archives/dancing-with-systems/.

Donalla Meadows, “Leverage Points: Places to Intervene in the

System,” The Sustainability Institute (1999), http://donellameadows.

org/wp-content/userfiles/Leverage_Points.pdf.

Ellen Macarthur Foundation, “What Is a Circular Economy?”
https://www.ellenmacarthurfoundation.org/circular-economy.

Waste hierarchy, in order: prevention, minimization, reuse,
recycle, energy recovery and disposal.

Rachel Bostman, “The Sharing Economy Lacks a Shared Definition,”
in Fast Company (11/21/13), https://www.fastcompany.com/3022028/
the-sharing-economy-lacks-a-shared-definition.

Raanan Gerberer, “Submetering Your Building’s Electricity:
Paying for What You Use,” in The New York Cooperator (9/2011).
https://cooperator.com/article/submetering-your-buildings-

electricity/full.

Mierle Laderman Ukeles, Manifesto for Maintenance Art 1969!
http://www.feldmangallery.com/media/pdfs/Ukeles_MANIFESTO. pdf.

ZERO WASTE DESIGN GUIDELINES / Chapter @1: CONTEXT

59


http://donellameadows.org/archives/dancing-with-systems/
http://donellameadows.org/wp-content/userfiles/Leverage_Points.pdf
http://donellameadows.org/wp-content/userfiles/Leverage_Points.pdf
https://www.ellenmacarthurfo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>