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Introduction to CDW. Considerations of recycling
waste in the City depend on the nature of the waste that
is being considered. The New York City Department of
Sanitation (DSNY) is responsible for collecting most pu-
trescible waste generated by residential and institutional’
buildings, including hospitals, colleges and universities,
located within the City. Private carters are responsible
for collecting putrescible waste generated by commercial
establishments and “construction and demolition waste”
(CDW) generated from new construction or renovation
and rehabilitation of buildings and infrastructure. The
term “putrescible waste” is intended to include all waste
material that is likely to rot or decompose. Recent
analysis estimates that DSNY “handles around 12,000
tons of waste per day, about B0 percent of the city’s total
waste,"? leaving the remainder of the City’s putrescible
waste stream for private carters, which are regulated,

in part, by the City.® The publicly and privately carted
putrescible waste streams are considered, as a whole,

to be the municipal solid waste (MSW) stream.

CDW, which is “managed almost exclusively in NYC by
private transfer stations and processors,” is distinct from
the MSW stream.* CDW “includes concrete, stones and
dirt generated from excavation (sometimes referred to as
fill material’ or rubble), as well as asphalt, wood (treated,
painted and clean), metal (ferrous and non-ferrous), and
miscellaneous materials (dry wall, insulation, light fix-
tures, carpeting, etc.).”® CDW can also contain hazardous
wastes such as “asbestos, lead paint and mercury from
florescent lamps.” A research project in Town+Gown,
completed in academic year 2015-2016, using DSNY’s
data on transfer stations located within the City’s juris-
dictional limits, found that, on average, over 8,500 tons
of mineral CDW are handled every day by the transfer
stations located within the City’s jurisdictional limits.”
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CDW and the City. In 2003, the New York Department
of Design and Construction (DDC) released its Construc-
tion and Demolition Waste Manual, which was intended
to be served as “an introduction and resource handbook
for construction and demolition (C&D) waste reduction,
reuse and recycling on New York City Projects.” While
the guidelines within the Manual “are addressed to all
the participants in projects for the NYC Department of
Design and Construction,” “[i]ts basic goal is to assist
design and construction professionals to prevent con-
struction waste and divert from landfills the C&D waste
that is generated.” The Manual defines C&D Waste as
“that part of the solid waste stream that results from land
clearing and excavation, and the construction, demolition,
remodeling and repair of structures, roads and utilities."
The percentage represented by CDW in the City's solid
waste stream is considered to be “at the high end of the
range” among other localities, which is thought to be due
to the fact that the City is older and more developed than
most, with “older building stock and, hence a relatively
high degree of renovation activity” and the reality that
“for almost every new building that goes up, an older one
must come down.”!

DSNY Rules designate elements of CDW as recyclable
and further require that CDW recyclables be “source
separated from other waste streams.”? CDW begins
when the “contractor collects the debris in containers,
usually rented or provided by the hauler” who “takes the
container to a waste transfer station and/or processing
center.”® There are two types of processing centers—
one that accepts “specific, separated, materials such as
metal” and the other that extracts “recyclables before
sending the balance to a transfer station.”* In contrast,
waste transfer stations tend to “transfer the waste into
larger trucks, which take it to landfills” though “large

transfer station companies also have processing facili-
ties and hauling services"** Contractors may also “haul
their own waste and recyclables . .. [and] many recyclers
of specific materials will arrange to pick them up at the
construction site.”*

The particulars of processing and recycling CDW, in

any geographical area depend to a high degree on the
nature of the market for the component commodities,
which continually changes.”” Under current market con-
ditions, “[s]ource separation generally yields the highest
recycling rate and the best price for materials’, and

the construction site provides opportunities for source
separation.’® During demolition and excavation opera-
tions, “more C&D waste is generated and one contractor
is scheduling the work”, with the waste generated as
‘relatively homogenous waste streams” and providing
“‘opportunities for on-site segregation of metal or for the
grinding, screening and reuse of concrete.”® The high
cost of disposal in the New York metropolitan area for
public and private projects has meant that there has
historically been a level of separation of CDW, which has
only improved over time. Scrap metals have a high value,
so they were already sorted. If concrete is kept clean, it
has a value for reuse for other purposes—mostly crushed
as base material. Large pieces of wood, including pallets
if they are not crushed in the waste hauling process, can
also be reused. It is important to note that a significant
portion of CDW becomes “alternative daily cover” (ADC),
which supplements regular soil available at landfills to
cover the putrescible waste in the landfills.

On the other hand, constraints of site logistics in a dense
built urban environment such as New York City do im-
pact the ability of owners and contractors to sort these
materials on site (See Recycling CDW “on the Ground”



below). The Manual’s suggested strategies to increase
CDW recycling on City projects centered on the develop-
ment and use of a C&D Waste Management Plan (WMP).
During the design phase, a project manager would lever-
age the early design process to identify opportunities

for salvage, reuse and recycling C&D Waste compo-
nents and establish waste management goals during
design progress meetings, with the end of developing a
project-specific C&D Waste specification, which would
contain specific C&D Waste management goals, for the
project’s bid package.”® With the C&D Waste specification
in place for the project during the construction phase, a
project manager would work with the construction man-
ager or the general contractor for the project “to develop
an aggressive WMP, in accordance with the specification
developed by the design team.”! Beginning with a “walk-
through of the site with the construction team, including
the demolition contractor,” to determine salvageable,
reusable and recyclable materials, the project manager
would monitor the contractor's compliance with the WMP
throughout the construction phase, including all job meet-
ings and site visits and review of contractor’s recycling
reports as compared to the WMP?

When the Manual was released in 2003, the Leadership
in Energy and Environmental Design (LEED) program,
developed by the U.S. Green Building Council to in-
crease environmental sustainability in building design,
construction and operation, was still new. In 2006, the
City embraced the LEED program for construction and
renovation of its public building portfolio so that LEED
standards for CDW were also incorporated for the City's
public building projects. CDW reporting, which includes
diversion rates, is required as part of the LEED certifica-
tion process.?

While New York City's Roadmap to 80 x 50, the City's most
recent articulated long-term sustainability plan required

by the Charter,** focuses on waste, which is “the smallest
contributor” among “the four sectors that contribute to
GHG emissions in NYC," there are no specific referenc-
es to CDW's presence in the City's waste stream or its
contribution to the circular economy.?® Within the waste
sector, 78 percent of total GHG emissions comes from
methane released from New York City's landfilled waste,?
and 22 percent comes methane released from the waste-
water treatment process.?® “[S]ince organic material is the
most significant generator of greenhouse gases among all
waste categories,” it is not surprising to find organic waste
is a significant focus of the Roadmap.?®

In contrast to organic waste, concrete waste does not
decompose or contribute to GHG—concrete carbonates
and absorbs CO2 from the environment. It is the creation
of concrete,* the transportation of the raw materials to
create concrete, and the transportation of concrete CDW
for processing, recycling and disposal that contributes to
GHG emissions, pointing to recycling concrete as a way
to reduce concrete’s contribution to GHGs in the circular
economy. The GHG profile of concrete, however, does
not align well with the City’s span of regulatory control.
CDW is not part of the solid waste stream over which
the City exerts significant regulatory control, including
recycling mandates, leaving CDW recycling subject to
New York State law requirements and market conditions,
which means the economics of the commodities market
determine what CDW elements and levels of CDW ele-
ments get recycled—or diverted—at any time.?* Life cycle
cost-benefit modeling, within a mixed market economy, is
one tool that can help provide government, as regulator,
with sufficient data to help determine options for potential
intervention to increase recycling of CDW.



Finally, in addition to developing design guidelines for
both vertical buildings and horizontal infrastructure, DDC
has had a practice of implementing academic-based
material field tests on its projects.*> One recent field test,
in 2016, related to use of a particular recycled CDW
element—glass pozzolan—on a sidewalk reconstruction
project in Queens.*®* Pozzolan is a by-product of recycling
glass recycling, which, when finely ground and mixed
with specific chemicals and water, can act like cement3*
This analysis involved three cement mixes in the field,
with two mixes using different levels of glass pozzolan
and one mix using standard fly-ash, and comparatively
analyzed their compressive strengths over a 90-day peri-
od after installation, as well as noting observable features
in the finished product.

Recent Developments in CDW. New York State
Department of Environmental Conservation (DEC)
promulgated final regulations, effective on November
4,2017, significantly revising the State's Solid Waste
Management Regulations. These new regulations aim at
strengthening the State’s ability to protect water quality
and establish design standards and operational crite-

ria for solid waste management facilities in the State.
Among the several areas covered by the new regula-
tions are changes to the management of C+D debris
and fill material. Aimed at reducing illegal dumping of
C+D debris and fill material, the new regulations “require
enhanced tracking for C+D debris and fill material gath-
ered in New York City, as well as for certain fill material
generated anywhere in the state.”®* They also “limit the
exempt disposal of C+D debris and provide expanded
allowance for the reuse of fill materials in environmental-
ly protective situations.”®

These regulations include reporting provisions with
respect to waste. For example, all solid waste facilities
engaged in “the management of solid waste beyond the
initial collection process™’” have comprehensive oper-
ating requirements, which include keeping, as part of
their operating records, a “daily log of wastes received
that identifies the waste type, quantity, date received,
and planning unit where the waste was generated, and
the quantity and destination of any waster, products or
recyclables that are removed from the facility.”® Specific
requirements for facilities handling C+D debris include
operational requirements as part of the permit process
that include an ability to weigh or otherwise measure and
record in cubic yards and tons, “[a]ll waste and recovered
materials delivered to and leaving the facility.”® Facilities
handling C+D debris and recovery facilities have report-
ing requirements, in addition to the general requirements
described above, which include “daily records of the
quantity of recyclables sent from the facility by material
type, including the quantity and destination of material
used as alternative operating cover” and a C+D debris
tracking document for materials including those that

do not “qualify for a beneficial use...” under the
regulations.”® These new reporting requirements will, over
time, not only create data for research purposes, but also
create data at the State wide level, which would include
multiple local economies, local markets and submarkets.

In addition, the regulations create a category called “ben-
eficial use”, which is “use of certain wastes as effective
substitutes for commercial products or raw materials

as determined by [DEC, which] cease to be solid waste
when used according to [the regulations].”* The regu-
lations expand the types of pre-determined beneficial
uses, which expansion is intended to increase market
opportunities for the covered CDW materials, including



concrete and asphalt. Among the regulations’ pre-deter-
mined beneficial uses, which over time can help support the
creation and expansion of CDW recyclable markets, are:

* ground granulated blast-furnace slag for use as a
raw feed in the manufacture of cement and in con-
crete which meets an industry standard acceptable
to [DEC]

* coal combustion fly ash which meets an industry
standard acceptable to [DEC] for use in concrete,
concrete products, light-weight block, light-weight
aggregate and flowable fill

* flue gas desulfurization or other gasscrubbing
byproducts when used to replace manufactured
gypsum or manufactured calcium chloride, except for
land application

* coal combustion bottom ash for use as an aggregate
in portland cement, concrete, asphalt pavement, or
roofing materials

* recycled aggregate or residue which meets a mu-
nicipal or state specification or standard for use as
commercial aggregate if generated from uncontam-
inated, recognizable concrete and other masonry
products, brick, or rock that is separated from other
waste prior to processing and subsequently pro-
cessed and stored in a separate area as a discrete
material stream

* recycled material or residue generated from uncon-
taminated asphalt pavement and asphalt millings
which meets a municipal or state specification or
standard for use as an ingredient in asphalt pave-
ment or other paved surface construction and

maintenance uses if separated from other waste prior
to processing and subsequently processed and stored
in a separate area as a discrete material stream

* asphalt pavement and asphalt millings received at an
asphalt manufacturing plant for incorporation into an
asphalt product

* clay, till, or rock excavated as part of navigation-
al dredging, which is separated from overlying
navigational dredged material and used as fill or
aggregate®

Finally, C+D debris is an enumerated waste stream that
local solid waste management plans (LSWMPs) must in-
clude.® The new regulations require LSWMPs to perform
a “qualitative assessment of alternatives and enhance-
ments to the existing solid waste management program
that will decrease the amount of waste managed through
disposal and thermal treatment by increasing waste
reduction, reuse and the recovery of recyclables to the
maximum extent practicable over the term of the plan-
ning period.”* Among the items a LSWMP's alternatives
assessment must address are “programs to develop

or improve local and regional markets for recyclables’,
‘incentive-based pricing”, “data collection and evalua-
tion efforts”, “local hauler licensing programs, including
an assessment of laws preventing the commingling of
recyclables with waste”, and “C+D debris reduction, in-
cluding deconstruction, reuse and recovery programs.”®
Among the items a LSWMP’s alternative evaluation must
address are administrative/technical impacts, which can
include “any available life-cycle analysis (emphasis add-
ed) data’, and jurisdictional impacts.*®



In addition, a collaborative group recently released Zero
Waste Design Guidelines (ZWDG), focusing specifically
on CDW associated with buildings, not horizontal infra-
structure.*” While this collaboration followed an overall
interdisciplinary methodology used by a past collabora-
tion that led to the 2010 Active Design Guidelines, the
CDW analysis and recommendations followed, instead,
the interdisciplinary methodology used in the sustain-
able energy sector.® Though the ZWDG aims at vertical
building structures, the principles and strategies have
broad application to CDW generated by both vertical
buildings and horizontal infrastructure. These broader
strategies include “maximizing asset utilization through
programming’, including designing flexible spaces in
which (or on which) uses can evolve over the long life-
span of a built object, which strategy works in tandem
with “designing for deconstruction at the end of compo-
nent life cycles”, and leveraging existing and emerging
design and construction technologies such as designing
for off-site construction, which “has been shown to cre-
ate less waste by reducing errors and rework’, and using
building information modeling (BIM) or other three-di-
mensional modeling, which permits “virtual coordination,
thereby minimizing on-site construction errors.””

State of Academic Research—Limits of Life
Cycle Assessment. The several goals for the many
studies focusing on the environmental impact of CDW
management include:

* comparing the environmental impacts of producing
recycled concrete aggregate (RCA) by processing
CDW and producing natural (virgin) aggregate (NA)

* comparing the environmental impacts of producing
concrete with only NA as aggregate and concrete
incorporating RCA, and

* comparing the impact of landfilling mineral CDW
(MCDW) with that of processing MCDW into RCA for
use as paving materials in road construction.

These studies do not account for all the parameters

that affect the impact of waste management. In order

to understand the environment in which recycling CDW
takes place, it is necessary to develop life cycle assess-
ment (LCA) frameworks in order to account for all the
potential strategies for landfilling and recycling CDW into
new products, and the environmental consequences of
selecting each strategy on the demand for the materials
that are replaced or affected by recycled materials.

Nevertheless, LCA studies provide valuable information
about the environmental potential of recycling CDW. In
urban areas, the landfills are often far from the construc-
tion and demolition sites, and the transportation of waste
impose a significant environmental burden. In addition,
land preparation and maintenance of landfills, as well as
the re-cultivation of landfills after they reach the capacity,
are other sources of environmental strain. CDW is often
processed into RCA for use as unbound aggregate or
fill material. If the quality of RCA is as good as that of
the virgin material that it replaces, the environmental
impact of using the recycled product is likely to be lower,
depending on transportation distances and the applied
waste processing technique. RCA can be used as a re-
placement of NA in concrete. This may lead to reduction
in the compressive strength of concrete, which needs to
be compensated for by using additional cement, poten-
tially leading to increased environmental impact.
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Selection criteria for a CDW management strategy/
policy would be primarily based on practicality and cost
effectiveness. However, when there are different options
for practical and cost effective options, properly structured
LCA needs to be performed to compare the environmental
impacts of pursuing the potential strategies.

State of Academic Research—Barriers to Recy-
cling CDW. A significant amount of research has been
completed in the past years on recycling CDW for use

in new construction. While some materials, such as steel
and aluminum, have always found a willing and profitable
market, other materials have not fared so well despite
academic research indicating that they will produce
acceptable new materials. One such example is recy-
cled concrete for use as aggregates in new concrete.
Research has shown that concrete made with RCA can
easily achieve normal concrete strengths (4 — 6 ksi) with
only minimal changes to mixture designs. Research has
also shown that RCA may actually be beneficial in some
cases to improve performance of concrete.*® Despite this,
many engineers still see the material as being subpar
and are worried about the consequences of using RCA
in their mixtures.

One reason that construction owners and engineers
may be reluctant to use recycled materials is the lack of
standards and specifications provided by government
agencies that allow their use>* The construction industry
operates in a conservative, risk-adverse environment,>?
and many engineers will not use a material unless
specifically allowed or directed by the government stan-
dards and specifications. As an example, with respect to
concrete specifications within the New York City context,
there are two separate processes—one for roadway
infrastructure projects and another for public building

projects. On the roadway infrastructure side of the built
environment, DDC maintains the material specifications
and standards for both the New York City Department of
Transportation (DOT) and the New York City Department
of Environmental Protection, two of DDC's client agen-
cies on their roadway reconstruction projects.>® On the
public building side of the built environment, the material
specification and standards process is similar to that in
the private sector. For example, with respect to concrete
in buildings, the building designer (either architect or
structural engineer) is responsible for specifying the con-
crete mix necessary to meet the design specifications
within the applicable regulatory context, including the
building code. Unlike in infrastructure, there is no single
material specification and standard for buildings, since
buildings may differ, but there is a standard materials
compliance process, written into design and construction
contracts, for all buildings, consisting of on-site inspec-
tions, off-site materials testing and licensed professional
certifications. This context can make creating a stable
economically advantageous supply chain difficult to
establish. It is possible that governmental agency owners,
responsible for public infrastructure and public buildings,
can help to establish or support these supply chains by
allowing, through specifications and standards, the use of
CDW elements as recycled material in new construction.>*

Providing for and standardizing the use of CDW will

help to reduce the significant environmental impact of
transportation of CDW to landfills, reduce the need for
new landfill construction, and reduce the need to harvest
additional non-renewable resources. Beyond this, howev-
er, is the significant consumption of materials that occurs
in major urban environments. As we continue to build, we
need to produce more materials to support that construc-
tion. High quality aggregates for concrete, for example,



are becoming scarcer close to the urban areas which
demand concrete, and so we must transport aggregates
in from further and further away.>® The transportation of
material into urban environments has high environmental
and economic impacts.

In addition, however, developing LCA models for CDW
waste recycling can raise additional issues with respect
to local recycling centers for CDW.** These would include
the need to increase the efficiency of transfer stations
and processing facilities and the need to increase the
quality of recycled components, within an overall analytical
context, creating the conditions for changes to policy and
practice to reduce the amount of material that the users
of the construction industry are bringing in from far away,
and provide a high quality source of material nearby.

CDW Regulation as Data Sources for Research
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State of Academic Research—Other Issues. The
benefits of recycling CDW can also be viewed from a
strategic perspective. Current environmental assess-
ment methods based exclusively on CO2 emissions

fall short of demonstrating significant benefits to CDW
recycling. Assessments limited to standard environ-
mental impact categories show only slight benefits. The
variation in the composition of CDW and the lack of ju-
risdiction to enforce source segregation frustrate efforts
to set standards for material quality. The advantages of
developing CDW recycling systems lay in further devel-
oping the framework for the recycling of bulk materials
used in the urban built environment. Such a framework
would involve adding other data sources to the life cycle
cost benefit analysis of CDW recycling, such as:

* Urban congestion reduction metrics
* Health and well-being metrics

* Other quality of life metrics

Expanding the LCA model to become dynamic and ac-
count for a wider view of benefits and costs also requires
the existence and/or creation of data suitable for neces-
sary quantitative analysis and inclusion in the model, using
tools used elsewhere for informatics, correlations and

decision support systems for operations and management.

Recycling CDW “on the Ground”. As noted above,
the high cost of disposal for public and private projects
in dense urban locations, such as New York City, has
meant under the conditions of the market for CDW recy-
cled commodities, there has historically been a level of
separation of CDW, which has only improved over time.
The commodities market is only one economic condition,

however, that has an impact on CDW recycling rates. The
economics of construction “on the ground” in a densely
built urban environment is another issue area that has

an impact on CDW recycling rates. In a densely urban
environment, such as New York City, for example, space
for staging on the construction site is limited, “often only
available curbside,™” and transportation of construction
materials and CDW in and out of the City is impacted by
the DOT's street use regulations and periodic truck traf-
fic embargoes during peak holiday weeks. In addition, the
general condition of high labor costs that increases the
cost of construction in the City, also increases the cost
of recycling CDW.*® The split incentives between owners
and tenants and between initial construction costs and
ongoing operations and maintenance costs that apply

in the sustainable energy area also apply to the area of
recycling CDW:*®

Construction issues differ broadly for horizontal
infrastructure projects and vertical building projects. Hor-
izontal infrastructure projects involve significant amounts
of earthmoving and heavy construction, and the activity
categories consist of:

= Earthmoving and trenching operations
= Excavation and lifting

* Loading and hauling

* Compacting and finishing

* Production of aggregates

* Production and pouring of portland
cement concrete



* Production and laying of asphaltic concrete
* Paving and surface treatments
* Rock excavation

* Compressed air and water supplies®

The activity categories for vertical building structure
construction consist of:

¢ Foundations
e Concrete construction
¢ Wood construction

¢ Steel construction

* Piping
¢ HVAC
e Electrical

¢ Telecommunications
e Exterior finish construction

¢ Interior finish construction®*

Capital Project Processes: Build

13
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While horizontal infrastructure construction differs from
building structure construction in many ways, it is possi-
ble see commonalities when looking at construction as
a production function. The construction industry stands
out among all other industries across a number of areas,
in part because construction is less like factory produc-
tion and more like product development conducted at a
specific site requiring on site assembly against a dynamic
and complex “parade of trades” montage.®> A construc-
tion project is a complex setting where multiple levels of
“skill differentiation and hand-tool operations ... con-
verge at a unique site” and the “myriad of special-trades
employers then direct these operations.”

In the “parade of trades” montage—or the construction
production function—the project is an assembled object,
fixed-in-place where “the stations—or work crews—move
through the emerging whole [building or infrastructure

in the process of becoming]" This “parade of trades”
process on a vertical building project (and to a lesser ex-
tent on a horizontal infrastructure project) also “involves
a large number of specialty trades that generally work

in a continuing and repeating sequence as they move
from one floor to another, from the structural parade, the
overhead work parade, the perimeter work parade, the
enclosure work parade to the interior finishes work pa-
rade, which can impact access and create congestion.”®®
The concentration of work at the site will vary by trade
and “the different parades [will] move through a building
in different directions.”® In this setting, ‘[e]very project is
somebody else’s subproject” in an atmosphere of “fast
completion in a dynamic setting where frequent changes
are not the exception but the rule.”’

Finally, to make matters more complicated, the construc-
tion process is an “undocumented process that takes
place as an interplay between a complex and dynamic
customer and a complex and dynamic production sys-
tem at a temporary production facility.”® It may help to
understand the construction process by looking at it as
“product development and less like factory production,

at a specific site that requires on site assembly.® The
construction projection function for buildings and infra-
structure thus conceived is “a flow of information and
materials (flow process) and as the generation of value
for customers” in the context of “converting inputs to
outputs (conversion process).”” Viewed in this manner,

it becomes possible to identify and manage “previous
work, space, crew, equipment, information, materials and
external conditions such as the weather” as “flows to-
ward ... execution of a work package.””* The techniques
of managing the “turbulence” in space, crew, equipment,
information, materials and external conditions and using
buffers to “facilitate reliable workflow by ensuring that
there is always work packages ready”’? can shed light on
the root causes of many issues in construction ranging
from schedule delays (and resulting increases in cost)

to accidents—and possibly increasing the level of CDW
source separation on site and increasing CDW recycling
levels. Managing “the handing over of space from one
trade to another’” and “flows of crew [shared with other
construction projects] and equipment in a highly dynamic
system”* requires both “managing bottom up and not top
down only ... while focusing the middle management's
own resources on managing the logistics ..."” Thus, the
management process, which “take[s] place by a series of



conversations” can become a “learning process, where
the crews and the organization as a whole are learning
... about the object, the process and the objectives and
also learning about each other.””® Thus, despite “frequent
work team rotations, exposure to weather conditions,
high proportions of unskilled and temporary workers .
.and ‘... changes in topography, topology and work
conditions ... that make managing construction ... more
difficult than managing ... in manufacturing plants,” it

is, however, possible to assess and model conditions for
construction to predict and thus manage risks to project
schedule and safety.””

This “parade of trades” montage described above,
however, takes place within the complex context of
contractual relationships. The relationships among the
owner’® of construction and the constructor network of
firms, is a contractual one. The constructor is actually a
network of firms—typically referred to as a prime con-
tractor and its subcontractors—related to each other by
a series of contracts, much like the contract between
the owner and the prime contractor(s).” These related
contracts for a project are closely connected to each
other throughout the construction process, and while the
owner and the constructor are not in opposition to each
other, they have different perspectives on the many func-
tions they share, such as project management.

In the public project context®® based primarily on the
design-bid-build service delivery methodology, the
construction contract is between the owner and prime
contractors, which contract includes General Condition

specifications such as CDW-related specifications. Many
prime contractors do not “self-perform” all the work they
commit to produce for the stated contract price, which
means they will in turn contract with “sub-contractors”
for portions of the contract work. The prime contractors’
construction contract contains provisions controlling how
the prime contracts can sub-contract with the work, and
the terms and conditions, including CDW specifications
in the General Conditions, of the prime construction
contract are replicated in the sub-contracts between the
prime contractor and its sub-contractors. In construction
contracts, however, practical operational construction
procedures are often subsumed within the term “means
and methods”, a term used in construction contracts to
capture the contractor’s discretion, subject to all provi-
sions of the construction contract, with respect to the
manner and time of the contractor's use of its labor,
materials, temporary structures, tools, plant, and con-
struction equipment that are necessary to accomplish
the result intended by the construction contract® One
of the devils of increasing CDW recycling may be at this
level of detail.
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Capital Project Processes:
Design-Bid-Build

A few words on Design-Bid-Build and Multiple Prime
Contracting. Owners of public works in the State, which
includes the City, are limited in the way they can deliver
their projects due to the required procurement and con-
tracting methods.® The way City construction agencies
enter into contracts with construction firms to construct
public works projects is both a procurement process
under the law and also a service delivery method, of-

ten referred to as the “Design-Bid-Build’, in practice.®
Design-Bid-Build not only refers to the separation of the
Design phase from the construction—or Build—phase, it
also refers to the method of solicitation—open competi-
tive bidding with award to the contractor that proposes a
responsive bid at the lowest price, which the construction
agency deems to be a responsible vendor under applica-
ble laws and rules.

In general, the Design-Bid-Build methodology requires
any City construction agency, as project owner, to sep-
arate the Design process, the Bid process and the
Build—or construction—process, which, under other
methodologies, can be combined in different ways.

New York state law also generally requires public owners
to separate project specifications into four component
parts—one for general contractor work, one for electrical
contractor work, one for mechanical (HVAC) contrac-

tor work, one for electrical contractor work and one for
plumbing contractor work. These four types of contrac-
tors are often referred to as “prime trade contractors’,
and the law requiring such separation of public project
work into the four prime trade contracts is referred to



as the “Wicks Law’, which is a mandated multiple prime
contracting method for public construction in the State.
Mechanical (HVAC), electrical and plumbing trades

are also referred to collectively as “MEP” trades. Multi-
ple prime contracting is most prevalent on vertical—or
building—projects, which involve all MEP trades, and less
prevalent on horizontal—or infrastructure projects, such
as road reconstruction, which typically do not involve all
MEP trades. In 2008, the State amended the Wicks
Law to permit public Owners to avoid the requirement of
multiple prime contracting when they enter into a project
labor agreement—or PLA—for an individual project or a
type of project. A PLA is a version of what is known as
‘pre-hire agreements” entered into by a public Owner,
construction trade unions and contractor firms before
the procurement of any construction services for a
public project and it functions as “a comprehensive labor
relations agreement — or ‘job site constitution’ — that
governs over various area craft agreements, setting
uniform terms and conditions, for a particular project.”®
A PLA binds all bidders on capital projects subject to the
PLA to the terms of the PLA.

Capital Project Processes: Contractual Relationships

Capital Project Processes: Contractual Relationships
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Abstracts of Town+Gown Projects

Gypsum Recycling in PlaNYC 2030: Spaces for
Government Intervention (2011-2012)

Town: NYC DDC
Gown: Columbia/GSAPP
Researcher: Caroline Bauer

Objective. In the context of a master of urban planning
thesis guided by the research question How to Design
Incentives for Sustainability Implementation?, Caroline
Bauer focused on gypsum recycling at two public owners
in New York City, as a case study to assess how gov-
ernment, as regulator, can create incentives for desired
behavior. While PlaNYC lists gypsum scrap recycling

as a priority, it also notes the lack of gypsum recycling
resources and infrastructure. This project specifically
sought to identify the kinds of actions the City might take
to incentivize gypsum recycling.

Methodology. Bauer conducted a literature survey related
to both government regulation and gypsum production
and recycling, in particular to document the lifecycle of
gypsum wallboard from extraction to disposal. Bauer
conducted two series of interviews, one of government
officials to describe the culture in which decisions about
recycling regulations and enforcement occur and another
of supply chain participants to describe current practices
related to gypsum use and recycling and the nature of
the current market for gypsum recycling services. Bauer
also analyzed standard contractual relationships on con-
struction projects to identify the roles and responsibilities
related to construction product inputs such as gypsum in
order to conduct a proto cost benefit analysis of feasible
incentives.

Findings. During the process of assessing the benefits
and costs of the various incentive proposals identi-

fied, Bauer found that the original question of how the
City should incentivize gypsum recycling shifted to
whether the City should incentivize gypsum recycling.
Gypsum is an abundant and cheap material to extract,
recycled scrap is difficult to sell and synthetic gypsum
has emerged as a “greener” and cheaper alternative to
recycled gypsum. The nature of the material and the
market for its production, which is at the national level,
suggested that local government was not the appropri-
ate or optimum actor for gypsum recycling regulation or
incentives to increase recycling compliance. Bauer con-
cluded that the City should re-examine whether gypsum
recycling should remain a policy priority.

Next Steps. Bauer included recommendations on how
other stakeholders in the supply chain could handle the
material given its incompatibility with the transfer station
and landfill environment. The methodology Bauer fol-
lowed also provides a basis to develop a model for use
in analyzing future local recycling proposals.

Architect

Proparty
Owner

Ganeral

Contractor




Life Cycle Cost Analysis and Green Infrastruc-
ture in New York City Life Cycle Cost Analysis
and Green Infrastructure in New York City
(2013-2014)

Town: NYC DDC, NYC DOT, NYC DER, NYC OMB
Gown: Columbia/SIPA
Researcher: Christopher Eshleman

Objective. Earlier Town+Gown projects attempting to
develop feasible life cycle cost benefit models ran into
impediments largely due to the unavailability of cost
data at the time. The first project focused on modeling
NYC DOT'’s sustainable roadway design program, and
the second project focused on modeling bioswales

and permeable pavement gutters, two types of green
infrastructure “add-ons” to standard roadway reconstruc-
tion projects. As both NYC DEP, with its 2010 Green
Infrastructure Plan, and NYC DOT, with its sustainable
roadway program, began to pilot and experiment with
these “green infrastructure” elements, rudimentary

cost and performance data began to become available,
providing the necessary conditions to demonstrate the
feasibility of developing and using a life cycle cost benefit
analysis model during the City's capital budget planning
and adoption processes.

Methodology. Eshleman designed the model in the Excel
program to be both simple and accessible. He incorpo-
rated standard capital asset life cycle methodology and
theory into the model in order to permit capital planners
and budget analysts to conduct cost effectiveness analy-
sis in a way that would capture discounted initial and life
cycle costs and physical performance. The costs includ-
ed operations and maintenance costs and replacement
costs of various project options, while the physical
performance metrics included water capture under
several rainfall scenarios. Eshleman used data from NYC
DDC, NYC DOT and NYC DEP where available and com-
parable data from elsewhere as proxies.

Findings. Eshleman demonstrated that the model permit-
ted a cost effectiveness analysis, for a one inch rainfall
event, of a bioswale project in Brooklyn and a permeable
pavement project in Queens. The initial use of the model
suggested that the permeable pavement installation

may be more cost efficient over its useful life than the
bioswale when it comes to capturing water during major
storms. The point of this initial use of the model, however,
was not to conclude that the City should shift its policies
in any particular direction, but to establish the feasibility
of developing and using such a model in the City's annual
capital planning and budgeting processes.
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Total Cost:
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Initial Maintenance Rebuild Total
Bioswale: $365 $29 79 5473
Pavement: $309 $6 b5 7 $373

Next Steps. This most recent life cycle cost benefit mod-
eling project to which actual cost data was applied in an
initial test run, points to the feasibility of City agencies
using life cycle modeling in capital planning and bud-
geting, certainly for green infrastructure, but also for all
the elements of the roadway. Eshleman’s model was not
able to include all the benefits accruing from these types
of features nor was it possible to test the range of rain
events that are likely to occur in the context of climate
change. However, were City line and oversight agencies
to collaborate and begin using this type of model for cap-
ital planning and budgeting purposes, they could adapt it
to include other benefits and expand the range of rainfall
volumes and speed of runoff.



Replacing Natural Aggregates with Recycled
Aggregates for Concrete Making in NYC—An
Environmental Impact Assessment Study
(2015-2016)

Objective. In the course of an internship project with
CUNY/CCNY faculty, Meryl Lagouin performed a partial
comparative life cycle assessment (LCA) to compare

the environmental impacts of two concrete product
systems—concrete with coarse natural aggregate and
concrete with coarse recycled aggregate —focusing
specifically on the effects of cement content, transpor-
tation distances and landfill avoidance in New York City.
Since among the mostly inert construction and demotion
waste materials (CDW) generated by the construction
sector, concrete is a significant component, use of recy-
cled CDW aggregate (RCA) as a replacement for natural
(virgin) aggregate (NA) in concrete for new uses can
increase reduction of this component of CDW in landfills,
with associated transportation effects, and preserving
natural resources associated with concrete production.

Methodology. This partial comparative LCA focused on
the New York City area and considered two categories
of processes—the extraction and production of raw
materials and the transportation of the raw materials to
concrete plants—and excluded processes assumed to
be the same for both product systems, such as produc-
ing concrete in a ready-mix plant, service and demolition
phases. The LCA used private aggregated data sources
for lifecycle elements of the concrete production func-
tion and used data collected from the New York City

Department of Sanitation (DSNY) with respect to trans-
fer stations, which recycle CDW, located within the City
limits which DSNY regulates, to calculate the average
distance between job sites and landfills and associated
transportation effects, including avoided transportation
due to recycling RCA. Among the LCA assumptions was
an assumed 8 percent additional cement for recycled ce-
ment production; an assumption that infrastructure itself
was the only parameter responsible for the beneficial
environmental impact (i.e,, if x% of CDW is recycled in
RCA usable for new concrete, then only x% of the ben-
eficial impacts of landfill avoidance would be allocated
to the recycled concrete in the LCA); an assumption that
landfilling CDW was a negative environmental impact;
and, an assumption that the collected recycled products
go to the nearest transfer station within New York City.
The results of interim data processing permitted a further
assumption that 43 percent of transfer stations located
within the City are turned into RCA, which was combined
with an additional assumption such as that only CDW
that can be turned into RCA are sent to transfer stations,
which, in turn, led to landfill avoidance metrics. The re-
searcher used SimaPro software and ecoinvent life cycle
inventory (LCI) datasets to model elements of the LCA in
order to transform market and production system activi-
ties for the two waste scenarios.

Findings. The LCA tool permits quantification of all ma-
terial flows with their associated potential environmental
impacts and characterizing the effects of the different
processes. The comparative LCA noted the predomi-
nance of cement production as a negative environmental
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impact in the concrete production function, and found
that, in absolute terms, the production of RCA and NA
had similar environmental impacts. When transportation
and landfill avoidance were added to the LCA model,
however, a lower negative environmental impact for con-
crete production resulted, and, regardless of landfilling,
the use of RCA in new concrete has a lower negative
environmental impact than the use of NA for concrete
production.

Next Steps. These comparative findings suggest that,
with additional research, it is possible to reduce the
overall negative environmental impacts of concrete
production by increasing the use of RCA in new concrete
within a geographic area. Project-specific LCA studies
need to be performed to determine in what types of con-
struction projects the use of recycled CDW in concrete
(or other applications) has the highest environmental
benefit. In addition, consequential LCA studies needs to
be conducted to investigate the recycling consequenc-
es other than avoided landfilling for the environmental
burden of construction.
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