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THE ROAD
TO REUSE

A wealth of information is available both in the United States and abroad regarding

the use of recycled materials in highway construction, and several states have active

recycling programs. New partnerships may help the private sector, universities,

research institutions, government bodies, environmental groups, and the public to

coordinate their efforts. By T. Taylor Eighmy and Bryan J. Magee

Iy should we as a sociery con-

tinue to dispose of materials

that may have inherent engi-

neering value and suitable envi-

ronmental properties and con-

tnue o rely on nonrenewable
natural resources in constructing the ULS, infrastructure?
Shouldn't we be making a concerted effort to use recycled
materials as substiutes for natural aggregates or materials in
the construction of highway infrastructure? Indeed, these
materials may become increasingly deserving of considera-
tion as we tackle deteriorating infrastructure problems in
the United States. And the use of recycled materials in lieu
of natural materials may provide additional enwvironmental
benefits through better performance and lower cost
because there would be less need to mine, process, and
transport traditional materials.

There are many types of wastes and by-product materi-
<'|.|5~' ‘.'L-'Il'h Fl_}tk‘l]tlal L15as il'l "l'l,f:' hlg]l‘.'&'ﬂ‘_l' S ITOnent.
Ground recyeled asphalt pavement, crushed reclanmed con-
crete, foundry sands, coal bottom ash, blast furnace slags,
nonferrous slags, steel slags, quarry by-produces, shredded

tires, and glass cullet can all serve as agoregate substitutes.
Cement kiln dusts, silica fume, ground-granulated blast fur-
nace slag, class F coal Ay ash, and class C coal fiv ash can
serve as alternative cementitious materials, Ground re-
cyecled asphalt pavement, roofing shingle scraps, and ground
rubber can serve as sources of asphalt cement or asphalt
modifiers. And coal combustion by-products, wood ash,
sludge ash, composted biomass, and ground wood wastes
can serve as soil amendments, soil cover, mulch, and erosion
control materials,

Applications for recycled marerials within the highway
environment include both bound and unbound wses:
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asphalt pavement, portland cement concrete pavement,
granular bases and subbases, stabilized bases, embankments,
structural hills, Howable fills, soal cover and erosion control,
and appurtenances, Materials such as reclimed asphalt
pavement (kap) are widely recycled using both in-place and
off-site recycling methods. Maore than 45 states use war The
Mational Asphalt Paving Association reported in Apnil
2000 thar rar has one of the highest recycling rates in the
United States—close to 80 percent. About 73 million tons
(60 millon Mg} are recveled each year, saving taxpayers
almose 8300 million annually,

A recent, but incomplete, compilation of materials recy-
cled in the highway environment in the United States
shows that other materials are recyeled annually at reason-
able rates. These annual usage and recyeling rates are worth
noting: blast furnace slag—24 million tons (12.6 million
Mg, 90 percent recyeling race; coal flv ash—16 million
tons (14,6 mullion Mg), 27 percent; coal bottom ash—
4.8 million rons (4.4 million Mg), 30 percent; coal boiler
slag—2.3 million tons (2.1 million Mg), 91 percent;
coement kiln duse and hme kiln duse—9.1 malhon tons
(5.3 mallion Mg), 31 percent; and steel slapg—3#8.3 million
tons (7.5 million Mg), percentage unknown. However, the
number of states that use recveled matertals varies signifi-
cantly, as do the approaches states take i conducting ben-
eficial use determinations, particularly on less rraditional
materials. There is a general sense that states with higher
industrial actvity use more of the resulting by-products—
foundry sands and slags, for example. There also appears to
be a relation between a state’s commitment to recycling
and the maturity of the beneficial vse program in that stace.

A number of European countries have routinely used
recycled materials since the 1970s with a high degree of
success, What 1s remarkable about the European story 15 the
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recycling rate of materials used (material used/material pro-
duced) in the highway environment, with rates of 100 percent
frequently noted. The MNetherlands, a populous country with
more limited aggregate resources and a high degree of indus-
trializanon and interest in land reclamation, is the best exam-
ple. The annual reported totals of metric tons used, together
with the recycling rates, are as follows: steel slag—0.5 million,
100 percent; blast furnace slag—1.2 million, 100 percent; coal
bottom ash—0.08 million, 100 percent; coal fly ash—0.85
million, 100 percent; construction and demolition aggre-
gates—9.2 million, 100 percent; municipal solid waste com-
bustion bottom ash—0.8 million, 100 percent; and rar—
10,7 mallion, 100 percent.

Dara from a variety of sources suggest potential sources of
recycled materials for use in the highway environment. In
their paper “Utilization of Waste Materials in Civil Engineer-
ing," B.]. Collins and S.K. Ciesielski
cited four major sources of waste and
by-product materials for highway use:
agriculture (2,100 million tons
[1,905 million Mg] per vear), domestic
(200 million tons [181 million Mg] per
year), industrial (400 million tons
[363 million Mg| per year), and miner-
al {1,800 million tons [1,633 million
Mg] per vear). Combined, these account
for about 4.5 billion tons per year.

Recent data from the Federal High-
way Administration (FHwa) indicate
that in 1997 there were almost 4 mil-
lion mi (6.4 million km) of roads in the
United States—4 percent under federal
jurisdiction, 21 percent under state
jurisdiction, and 75 percent under local
jurisdiction. Data from 1992 on mate-
rial vses in the highway environment
from the MNational Research Council
show that the construction, rehabilitation, and maintenance of
U.S. highways require about 350 million tons (318 million
Mg) of natural and manufactured materials, including 20 mil-
lion tons (18 million Mg) per vear of asphale, 10 million tons
(9 million Mg) per year of portland cement, and 320 million
tons (290 million Mg) per year of natural aggregates, paving
mixtures, and synthetic surfacing and coating materials. It 1s
interesting to contrast these numbers with the data presented
on waste and by-product production. Undoubtedly, these
numbers have increased.

AascEs 2001 Report Cand for America’s Infrastructure indicates
that one-third of the nation’s roads are in poor or mediocre
condition, costing American drivers an estimated $5.8 billion
and contributing to as many as 13,800 highway fatalities each
vear. Additionally, the assessment quotes FHWa findings that 29
percent of the nation’s bridges are structurally deficient or
functionally obsolete and its estimate that eliminating all
bridge deficiencies would cost $10.6 billion over the course of
200 years. There is a critical need for a significant investment of
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What 1s remarkable
about the European
story is the recycling
rate of materials used
(material used/material
produced) in the
highway environment,
with rates of 100 percent

frequently noted.

money and material to help alleviate these conditions and for
changes in transportation behavior, transportation investment,
and the application of innovative technologies. How much of
this necessary rehabilitation can make appropriate use—both
economically and from long-term engineering and environ-
mental performance perspectives—of the materials already
present in pavements, base courses, subbases, embankments,
bridge decks, and bridge abutments? What other waste or by-
product material might be used?

The 1991 Intermodal Surface Transportacion Efficiency Act
(1sTEA) gave high priority to research on recycling. Largely as a
result of this focus, the Fawa and the MNational Cooperative
Highway Research Program (ncuwre) sponsored several proj-
ects related to recycling, all of them national in scope, Other
federal agencies have developed muidelines or programs that in
some way relate to the use of recycled materials. For example,
the publication User Guidelines for Waste
and By-Product Materials in Favemernt Con-
struction was developed to assist those
who have an interest in using or increas-
ing their understanding of the types of
waste and by-product materials that may
be recovered and used in pavement con-
struction applications. By documenting
the potential use of 19 recycled materials
in six construction applications, these
guidelines, which were produced by the
pwa and published in 1997, are intend-
ed to describe the nature of each materi-
al, suggest sources for obtaining addi-
tional informarion, and outline the issues
that need to be evaluated when consid-
ering the use of a particular material The
guidelines are also intended to provide
general information on engineering
evaluation requirements, environmental
tssues, and economic considerations n
determining the suitability of particular recovered marerials in
pavement applications. (An electrome version of the guidelines
is available at the Web site of the Recycled Materials Reesource
Center funme e unh.edu / Parmers / UserGuide fhegin itm [.)

Funded by the meure and completed in 1998, the Re-
cycled Materials Information Database was created as a tool
that can be used to review and store data on the properties ang
applications of recycled material and on testing procedures.
Reeference information is also included, With informaton on
21 materials, the database is divided into nine main categories
and provides the user with both general and detaled engi-
neering and environmental information on each material.
Recommended laboratory engineering tests that can be used
to assess the suitability of each waste and recycled material for
transportation applications are included, along with recom-
mendations for monitoring in-field trials. (Copies of the data-
base may be downloaded from the Recycled Materials
Resource Center Web site Juwuermrc. unh.edu/Resowrces/
Useful Documents&Programs / WCHR P NCHE P aspl.)
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The Framework for Evaluating Use of Revyeled Materi-
als in the Highway Ervirotment was recently published
by the prwa to establish a logical and hierarchical eval-
wacion process that all states can use eicher to develop a
beneficial use determination process or to refine an
existing process of this type. The purpose of this docu-
ment is to help reduce barriers to the wse of recyeled
materials and to facilitate the migration of successful
practices across state boundaries. Additonally, because
the management and regulation of recveled materials
use in the highway environment are jurisdictionally the
responsibility of a state’s department of transportation
(o) and s environmental protection agency (Epal, a
major goal was to work with stare poTs and epas ro
develop a consensus-based approach thar would
encourage the two agencies to work together in the
evaluation process, The process uses a series of stages
that can each lead to approval or a beneficial use appli-
cation from both an engineering and an environmen-
tal perspective. It comprises issue definition, data eval-
wation, laboratory testing, and tield tests, The project
used an expert techmcal group o help develap the
framework. pots and epas from Florida, Minnesota,
Mew Hampshire, Mew Jersey, and New York were
ivolved. (An electronic version of the guidelines s
available on the Web site of the Recyeled Marterials
Resource Center [ v wih.edu/ Pavmers / Framewrors/
Srart/stare. i)

The report Envirernenial Tpace of Constaection aid
Repair Materials on Surface and Grownd Wiaeers (NCHRP
25-9) was prepared by the ncurp after determining
whether commonly used construction and reparr
materials might affect—through the persistence of any
toxic leachates—the quality of surface water or
groundwater adjacent to highwavs, A number of wide-
Iy wsed waste and by-product marterials were included

Because the management and
regulation of recycled materials use
in the highway environment are
jurisdictionally the responsibility of a
state’s department of transportation
(pOT) and its environmental
protection agency (EPA), a major

goal was to work with state
pOTs and EPAs to develop a
consensus-based approach.

i this evaluation. By developing a model that can be
applied to any medivm through which the leachares
might pass, the report provides users with a ool ca-
pable of predicting the potental environmental harm
of various waste and by-product marerials. (Copies of
the report can be obrained from the Transportaton
Roesearch Board's bookstore [hup:/Snarional
academics. org freh Shookstore| by searching book code
NE.448.)

Established in 1998 10 close coordination swith cthe

Copwa’s Pavement Management Coordination Group.

the Recveled Materials Roesource Center (RMRC)
works on the national level to promote the appropriate
use of recycled marerials in the highway environment.
The mmpe forms part of the Environmental Research
Group at the Universiy of New Hampshire, Ie has a
unigue role in the growing application of recyeled
materials to highway constructon—namely to serve as
a catalyst to reduce barriers to the appropriate use of
these marerials, The center 15 a culminaton of a num-
ber of diverse but integrated efforts on the part of the
riawa, other federal and state agencies, and academia to
provide a cohesive approach to the complex engineer-
ing and environmental issues surrounding the use of
recveled materials. The rvre focuses on both research
and outreach activities in carrving out its mission, and
its principal clients are state DOTs and Epas,

[n terins of research, the mvrc channels approxi-
mately half of its overall budget to a diverse range of
projects related to recycling, At present 2 projects have
been completed and 11 are in progress natonwide at
a number of academic institutions and consulong
companies. In addition, with the request for proposals
issued by the center in February, three are slated 1o
commence in Seprember. The projects address a range
of engineering and environmental issues related o
recyeling, among them the mitgation of alkal silicate
reactions i recveled concrete; environmental wearh-
ering of graonular waste materials; concrere mixtures
with inclusions to improve the sound-absorbing
capaciry of portland cement concrete pavemenrs; and
the development of a risk analysis framework for the
beneficial use of secondary macerials, Arencion is also
given to leaching from granular materials used in
highway construction during intermittent wetting:
the development and preparation of specificarions for
recveled materials in transportation applications; the
deternunation of the number of revolutons needed
tor cold-in-place Superpave mixture design using the
sequential gyratory compactor; the development of a
rational and practical mix design svstem for full depth
reclamation; the fatigue durability of stabilized re-
cycled aggregate base course containing coal fly ash
and waste-plastic strip reinforcement; and the devel-
opment of lightweight synthetic aggregate from coal
fly ash and waste plastics,
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The mmre: orchestrates numerous activities, the prin-
cipal and most accessible of which is its Web site
frenene remere aanele edu). The site p]‘l:l"r'idcs a x-arii.}l:y of tools,
mcluding a client registration feature; an information
request feature; virtual demonstration sites; updates on all
wMic-funded research projects; numerous documernts
and prograrms; links to pertinent specifications, state DOT
programs, literature search engines, and nadonal and
internarional entities; lists of scheduled events; informa-
non on funding opportunities; and access to libraries and
databases. In addition the center sends out a quarterly
electronic newsletter to its clients, keeping them abreast
of ongoing and upcoming events relared to recycling,

Of particular interest is the center’s first specification
to be adopted by the American Association of State
Highway and Transportation Officials (aasnro). In
December 20000 sasuto voted to adopt “Glass Cullet
Lse for Soil Aggregate Base Course” as a new national
specification (M-318-01). While currenty recognized as
a nanonal specification, the document will firse appear
in the 215t edition of the AASHTO specifications, which s
slated for publication this year. This recycling specifica-
tion was developed by Warren Chesner of Chesner
Engineering, in Commack, New York, in conjunction
with the aasuTo subcommittee on materials as part of a
research project funded by the wmrc. The project is
looking at the properties of selected recycled marerials
and 15 developing—with the assistance of a technical
advisory group made up of representatives of 15 stare
pOTs—specifications in an aasuto format for the use of
these materials in highway construcrion.

An upcoming outreach event of note is the interna-
tional conference Beneficial Use of Recycled Marerials
in Transportation Applications, which the center 1s help-
ing to organize. All told, 163 abstracts have been submit-
ted from engineers and researches from 23 different
countries, The event will be held in Washingron, ILC.,
MNovember 13-15 {seefwimirmicaorh. edn/ 2000 Conf/
everefensaspf).

In September 1999 an pHwa delegation visited Swe-
den, Denmark, Germany, the Netherlands, and France
to review and document innovative policies, programs,
and techniques that would help to reduce barriers to the
use of recycled materials in ULS. highways. The delega-
tion met with more than 100 representatives from trans-
portation and environment ministries, research organi-
zations, contractors, and material producers involved
with recyeled materials in those countries. The LLS, dele-
gation discerned a number of factors that have played a
role in the success of recveling on highwavs in Europe,
particularly in the Netherlands. The factors fall under
the general concept of sustainability within the highway
environment. The major components of the sustainabil-
ity initiatives are the three Es: economics, engineering,
and environment. {The final report is available online ar
frwnisinternational fluva, dot gov/ Pdfs Srecycolor pdf].)

Sprremeen 2000 Cisld Engineering

The rrwA has established a team to

provide leadership, direction,
and technical guidance to the
transportation community to
promote the use of recycled

materials in highway environments

and to provide technical support
and assistance.

As a follow-on o the European visit, a workshop—
Partnerships for Sustainability: A New Approach to
Highway Materials—was developed to share European
advances in recycling in the highway environment with
a targeted audience of state DOT materials engineers,
state DOT environmental staff members, and state £pa
staft members who work on beneficial use. Fifteen states
were inwvited to send representatives to the workshop,
and more than 100 people atended. The goals were to
showrase recent developments, introduce the Durch
sustainability concept, and encourage state agency per-
sonnel to work together on all aspects of using recycled
materials on highways. (The workshop is highlighted on
the kMmre Web page fuwne e indiedu /partneraspf, and
the final report can be accessed at [wwuirmrc.unh.
e/ Partyrers {finalreport asp|.)

The sirwa has established a team to provide leadership,
direction, and technical guidance to the transportation
community to promote the use of recycled materials in
highway environments and to provide technical support
and assistance. The team is preparing a white paper that
will set forth priority initatives for recycling, and it is
forming parmerships with AAsHTO’S subcommittees on
materials and construction, with the mmrc, and with
industrv, Members of the team—their FHWA division
given in parentheses—include Jason Harrington and
Michael Rafalowski {Infrastructure Core Business Unit),
Connie Hill (Planning and Environment Core Business
Unit), Terry Mitchell and Jack Youtcheft (Research and
Development Support Business Unit), Michael Smith
(Southern Resource Center), Walter Waidlich {New
Hampshire Division), Bryan Cawley (North Dakota
Division), and Jim Travis {Texas Division).

A number of state poTs have established recycling
coordinator positions. These positions frequently figure
prominently in technology transfer, research coordina-
tion, and informarional outreach. The pors of Califor-
nia, Massachusens, North Carolina, Pennsylvania, and
Texcas all have active programs.



MassHicHwAY

OVER THE PAST FEW YEARS, the Massachusetts poT,
MassHighway, has made significant progress on the recyching
front. Steps have been taken throughour the department o
increase the use of waste and recycled materials in construc-
tion projects and everyday activities; to focus on recycled,
remanufactured, and environmentally beneficial materials in
profurement decisions for offices, stockrooms, facilities, and
construction sites; and to promote the recycling of various
waste streams. Recycling and environmentally beneficial pro-
curement are becoming part of the routine way of doing busi-
ness at MassHighway. Although highway performance, safety,
and cost are of primary importance, as long as recycled and
environmentally beneficial materials and products can fill this
bill, they will be cansidered comparable, if not superior, to vir-
gin aleernatives.

Peecent projects in Massachusetts include the procurement
of recyeled antifrecze, re-refined oils, and safety vests manufac-
tured from soft drink bottles that are fully recyeled; the accept-
ance of specifications allowing for the use of recveled plastic
offset blocks as a substitute for pressure-treated lumber blocks;
and the commencement of a research project to investigate the
use of tire shreds beneath a roadway embankment. In addition
there are plans to set up trial and demonstration projects
involving bio-based lubricants, recycled street sweepings, and
noise barriers made of recycled plastic.

In 199% alone MassHighway was able to recycle maore than
10,000 tons (9,000 Mg) of waste, use more than 138,000 rons
{125,000 Mg} of reclaimed or recycled materials in construc-
tion projects, and spend more than $33 million on materials
and products that had a high recycled content or were envi-
ronmentally beneficial. There 15 still much to be done.
MassHighway will continue to evaluate its many procurement
procedures and specifications to remove unnecessary barriers
and find new applications for recycled materials and marerials
that are environmentally beneficial. It will also continue to
examine its construction and maintenance operations to find
areas where waste can be reduced. Additionally, it will contn-
ue to work in coordination with local, state, and national
envitonmental and public works entities to share its experi-
ences and to learn more about the use of reevcled and envi-
ronmentally beneficial materials in highway and roadway
construction.

PenNsyLvania DOT

PENNDOT HAS DEVELOFED A strategic recycling program
(seP) as a tool for systematically identifying, evaluating, and
implementing opportunities to use recycled materials in trans-
portation and civil engineering work throughout the state,
The ultimate objective of the skp 1s to realize economic savings
and environmental benefits for both PennpoT and the state by
recycling, limiting pollution, and continuing various other
environmental initiatives.

70

Five key areas have been targeted by the state to help Penn-
poT achieve and sustain its mission to increase the use of re-
cyeled materials:

11 Feesearch: Continue to evaluate the existing uses of recycled
materials and products and conduct research mto new uses
of recycled materials in rransportation and civil engineer-
ing work,

2) Speaifications: Develop and approve material and use spec-
ifications, bidding specifications, and guidelines for the use
of recycled materials that confer significant environmental,
engineering, or economic benefits,

31 Project development: Identify, promote, and plan projects
that use recycled marerials that conform to approved or
provisional specifications,

41 Communication: Provide information via various media to
Pennpot, government agencies, and the public on the per-
formance and applicability of recycled materials in trans-
portation and civil engineering work.,

5) Contract bidding: Evaluate construction contract legal bid-
ding requirements and develop innovative ways to enable
Pennpot to specify the use of recycled materials in trans-
portation construction and maintenance projects.

NoORrRTH CArROLINA DOT

Last vEar nvcpoT RecYcLED 2.4 million 1b (1.1 million kg)
of metal, 1 million b (450,000 ke) of paper products, and more
than 30,000 1b {14,000 kg) of glass and plastic as part of their
daily operations, In addition to these efforts, the department
continues to seek applications for recycled products in high-
way construction. Since 1989 the nepot has used more than
7 million tires, 50,000 tons (43,000 kg) of glass beads, and
14,000 tons (13,000 kg) of asphalt shingles.

Lynde Tippett, the state’s secretary of transportation, has
indicated he will expand the department’s environmental
efforts, “As a native of rural North Carolina, I know firsthand
the value of our state’s natural resources,” he said. ™" We must be
proactive about finding opportunities that not only protect
our enwvironment but also improve it

Ome such opportunity is the department’s partnership with
Habitat for Homanity of Wake County, which won an envi-
ronmental excellence award from the pawa this year. In this
program, Habitat helps raze houses within the departments
rights-of-way that are scheduled for demolition.

Prospective homeowners help demolish the houses, earn-
ing credit toward the construction of their new homes. Mate-
rials are then stored in Habitars reuse center and sold to the
general public at reduced prices. The department is currently
working to develop partnerships with other Habitat chapters
throughout the stare,

Another initiative is a pilot project with Bion Technologies,
of Clayton, North Carolina. Last vear the company donated
Q00 Th (410 kg) of swine waste for use as an alternative to com-
mercial fertilizer. nepoT roadside environmental engineers are
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currently working with the company to monitor the effective-
ness of this product in test plots of wildflower beds along US.
117 south of Goldsboro to see if more widespread wse 15 war-
ranted.

“Owr partnerships with Habitat for Humanity and Bion
Technologies demonstrate to the public the positive effect that
recycling has on our culture as well as our environment,” said
Tippett. “These efforts also prove that it is possible to have a
quality transportation system and a beautiful environment at
the same tme."

Texas DOT

Txpots Roan to REcyoLnG initiative represents a mam-
moth endeavor to use recycled marterials in road construction
and maintenance projects, The goal of this initative is to
increase the use of recycled materials in road construction
when they confer environmental benefits and economic or
enginecring advantages.

Since 1995 Txpor has coordinated more than $1 million
worth of research to investigate the use of a broad array of
recyecled materials in road construction, including glass cullet,
serap tires, fly and bottom ash, crushed porcelain toilets, shred-
ded brush, compost, roofing shingles, plastics, rap, crushed
concrete, and industrial wastes. The research has been equally
broad in the scope of roadway construction applications stud-
ied and has examined road signs, roadway safety devices,
embankments, asphalt and concrete pavements, soil erosion
control, drainage, vertical moisture barriers, and road bases.

Information on the merits of recycled roadway materials
has been disseminated around the world through information
showcases, press releases, a video, a Web site, two conferences,
and a yearlong publicity campaign.

Since the inception of its recycling program in 1994,
Txpot1 has spent more than $506 million on “green” products
and diverted more than 13 million tons (12 million Mg) of
materials from landfills—a diversion equivalent to more than
13000 b (390 kg) for every man, woman, and child in Texas,
These staggering numbers are for the most part directly attrib-
utable to the use of recycled marterials in road construction
applications.

As part of its continuing efforts to promote the use of mate-
rials recovered from solid waste, the ULS. gpa has developed the
Comprehensive Procurement Guideline (cre) program. The
institucional purchase of recycled products by government
ensures that the materials collected in recycling programs will
be used again in the manufacture of new products. Congress
authorizes the cro program under section 6002 of the
Resource Conservation and Recovery Act (rera). The cre
process designates products that are or can be made with re-
cycled materials, At present for construction products, coal fy
ash and ground granulated blast furnace slag are listed for
cement and concrete materials, and coal fly ash and foundry
sands are listed for flowable fill. Materials are also listed for
transportation and landscaping categories. (Additional infor-
mation is available at funm epa.govope /L)
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OTHER INITIATIVES

EsTaBLisHED 18 THE 10905 by the ULS, Department of Ener-
gy (pog), the Industries for the Future Program creates part-
nerships linking industry, government, and supporting labora-
tories and institutions to accelerate technology research,
development, and deployment. The por's Office of Industrial
Technologies is implementing the program for nine energy-
and waste-intensive industries, namely agriculture, aluminum,
chemicals, forest products, glass, metal casting, mining, petro-
lewm, and steel. The program’s goal of increasing comperitive-
ness and reducing energy consumption waste involves re-
cycling by-products from these industries. A recent conference
hosted by the poe and the Civil Engineering Research Foun-
dation explored recycling opportunities for these industries
and in formulating plans for the future looked at perceived
barriers, market needs, and collaboratve relationships. (For
additional information about the Industries for the Future
Program, see funanoit.doe.gov/industries. sheml|].)

Life-cycle analysis (Lca) has become increasingly common
in civil engineering construction applications, Indeed, its use is
being widely encouraged in addressing America’s infrastruc-
ture problems, An excellent example of this application is the
maodel Bridgerce, developed by the MNational Institute for
Standards and Technology for use evaluating high-perform-
ance bridges. Bridgerco (see [ww bfrlsist gov/bridgelec/[) is
geared toward helping design engineers estimate and compare
the life-cycle costs of a new technology—for example, high-
performance concrete or fiber-reinforced-polymer (Fur) com-
posites—with those of a conventional technology made with
conventional materials. The pwa has institured similar models
for highway design (see [un fhura. dot. gov/resourcecenters/
southernmsmith Jitm]).

There is less experience here in the United States with the
application of Lca in deciding whether to use recycled mate-
rials or traditional materials in highway work, and this is even
more pronounced when environmental burdens or emissions
are included in the model. Recent work by the Finnish
Mational Road Administration has resulted in the develop-
ment of a comprehensive Lea and inventory analysis program.
In Finland the production and transport of materials produce
the most significant environmental burdens; the activities that
consume the most energy are the production of bituminous
asphalt and cement and the crushing and transport of materi-
als. The consumption of raw materials and the leaching
behavior of recycled materials there were also regarded as
being of great significance. A weighted environmental I:‘loading
assessment for three scenarios (coal fly ash in subbase and sta-
bilized subbase; crushed concrete in base and subbase; and
blast furnace slags in base, subbase, and lower subbase) and a
traditional construction scenario were conducted in the
Finnish study. The use of blast furnace slag, crushed concrete,
and coal fly ash in road bases was seen a3 imposing a lower
total environmental loading than the use of coal fly ash in sta-
bilized subbases or the use of traditional pavements using
crushed rock. feontinued on page 80)
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The Road to Reuse

feontinwed from page 710 Obviously,
such analytical tools and case studies
need to be developed and applied to
scenarios here in the United States.
However, the Finmish Mational Road
Admimistration data suggest that in a
broader sense there may be additional
benefits to using recycled materials
when life-cvele material costs are con-
sidered in conjunction with the harm to
the environment caused by energy pro-
duction and the processing and transport
of materials.

Inn refining their strategic plans, state
pots may find it advantageous to consid-
er the role of recycling, In addition, as
stuchies are carried out on proposed trans-
portation projects under the auspices of
the National Environmental Policy Act, is
it possible that credit might be given for
the use of recycled materials, particularly

d0

if Lca shows that the materials convey
emvironmental benefits?

The Netherlands probably best typi-
fies the concept of sustainability, and
it offers a suitable model for certain
states and metropolitan areas here in the
United States. The recycling or reuse of
secondary materials within the Dutch
building industry is commonplace—
more than 10 percent of all granular
materials used in the building industry
are recyeled.

The Netherlands is an affluent coun-
try with high populanon densities and
limited land resources. The public has
elected not to set aside areas for landfills
or aggregate mining. This has led to the
practice of sustainable development
within the building industry, as well as to
a subset of that industry: the highway
construction industry. The basic premise
of the sustainability concept is that
material cycles should be closed (re-
cycling involving use, reuse, re-reuse, et
cetera) so that there 15 less outrighe dis-
posal and less consumption of non-
renewable natural materials, A number
of legislative nitiatives, including the
Mational Environmental Policy Plan,
the Waste Materials Policy, the Soil Pro-
tection Policy, the Surface Minerals Poli-
oy, and the Construction Industry Policy
Declaration, provide the underpinning
for sustainable construction,

The Dutch have adopted a market
philosophy that regards recycled materials
as products rather than waste, This means
that the product will exhibit a typical
product life cyele in the markerplace.
Recycled marterials first undergo develop-
ment before coming into widespread use
and maturing. Government and private-
sector publicity campaigns and policies
support the market. This concept nught
prove applicable in the United States in
states or geographic regions where popu-
lation densities are high, natural aggregates
are scarce, and sources of suitable recyveled
materials are plentiful.

The Dutch government provides
clear and unequivocal engineering and
environmental standards for all recycled
materials, This 15 usually achieved through
governmental research n support of the

standards. Further, public or industry
working groups (including contracrors)
work together to achieve these standards.
The producers of recycled materials use
certified quality assurance and quality
comtrol programs so that their goods can
compete against natural materials, The
policy is clear, as 15 the planning and
implementation, which enables the pro-
ducers and contractors to prepare for thas
new market, The government provides
certain cconomic imcentives, such as hefty
landfill disposal taxes on materials that
can be recycled and modest taxes on the
use of natural aggregates. If these aspects
are combined, then a mature recvcling
market can develop over time.

There is a clear need for partnerships
linking the private sector, universirics,
research institutions, government bodies,
enwvironmental groups, and the public. This
relates to the formulaton and coordina-
tion of policy, the mansfer of information,
and making resources available for addi-
tional research and development (rap).

The private sector can play a variery of
toles. Those interested in having their by-
products considered can make use of the
document Framework for Evaluating Use of
Recyeled Materials in the Highway Environ-
ment so that they can work with stare
poTs and EPas to develop the necessary
data for evaluation. Contractors can
explore the use of recycled materials w
help meet the requirements of perform-
ance bonds, Equipment manufacturers
can also play a role by developing tech-
nologies that would make it posable w
recycle materials on-site for pavements,
bridges, and other civil infrastructure,
thereby reducing transport coses and asso-
clated environmental burdens.

At the state level, it may be appropri-
ate for the DOTs o consider recyeling as
stand-alone policy or as part and parcel of
their strategic plans. Pennnot’s sep may
be a starting point in efforts to systemati-
cally find, evaluate, and apply recycled
materials in transportation and civil engi-
neering work (see fumdot state pa.us!
penndor bureaus /beq.nsf/srp? Open Page]).
State poTs may wish to give credit o
recycling strategies during the planning
stage of transportation projects, as well &
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in analyzing alternatives and mitigation measures. In planning
transportation projects states could develop checklists thae ask
questions about recycling choices or options for use, with the
responses used in analyzimg alternatives and evaluaning second-
ary and cumulative effects. States could use information derived
from Lcas as part of their benehits analysis and in information
packages prepared for public hearings and for obtaining permits.

A more formal relationship berween aasuto and the Associ-
arion of State and Territorial Solid Waste Management Officials
is definitely worth exploring as this can help pave the way for
relationships at the state level. Stare poTs and Eras might consid-
er adopting beneficial use evalvation frameworks simular to suc-
cesstul ones already in place or to the generic one oftered by the
Framework _for Evaluating Use of Recycled Materials in the Highway
Environment.

A lowering of the barriers encountered in transterring tech-
nologies from one jurisdiction to another across state lines
would be a great benefit. Fortunartely, the Environmental Coun-
cil of States (see fuwnisso.org/ecos/[) has two programs related w0
reciprocity, The group called Interstate Technology Regulatory
Cooperation (1TRe) is a state=led national coalition dedicated to
achieving better environmental protection through the use of
innovative technologies, The 1TRC {uneitrueb.on /) is exploring
general reciprocity arrangements involving 37 state members.
Six states (California, [llinois, Massachusetts, New Jersey, Penn-
sylvania, and Virgima), under the Environmental Technology
Aceeptance and Feciprocity Partnership (e 1arr) are exploring
reciprocity arrangements of a more formal type, including ane
for beneficial use determimations,

One recommendation that was strongly emphasized in the
final report on the workshop Parmerships for Sustainabilicy: A
New Approach ro Highway Marerials Parmerships for Sustain-
ability 15 that state poTs establish recycling coordinator positions
for the purposes of technology transfer, research coordination,
and outreach.

At the federal level, partnerships linking the private sector, the
FHWa, the ULS. EPA, the poE, and other competent agencies are
encouraged. Two obvious examples might be coordinating the
US. epa’s PG program with the poes Industries for the Future
Program. Funneling beneficial use applications and adopted
specifications to the ¢r6 program also makes sense. There may be
an opportunity to establish a leadership counel thar could caor-
dinate communication and policy and improve intergovernmen-
tal approaches, Shared funding should be considered for lowering
barriers between jurisdictions, demonstrating the use of innova-
tive materials, and applying 1ca analysis. A recent report on the
role to be played by the National Science Foundation in meeting
environmental science and engineering needs in the 21st centu-
ry named industrial ecology (including product and process Lea)
as a program needing enhancement. This topic should include
recycling for infrascructure improvement.

Congress is considering a number of bills that could serve
as vehicles in promoting recycling, The reauthorization of the
next highway bill in 2003 provides an excellent opportunity to
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further promote appropriate recycling, partnerships, tech-
nology ransfer, and ran. Making funds available to allow two
oF more states to carry out joint demonstration projects would
go a long way toward reducing barriers. Congress can also
examine the information recenty provided by the ULS. Epas
Science Advisory Board on overcoming barriers to waste uti-
lization {see [fwnww epa,gov/saencel /eecem06.pdf]). One of the
board’s most important recommendations—interpreting key
definitions so that wastes could be beneficially used and not be
inappropriately labeled as hazardous—would help with the
confusion at the federal level about the need for a third cate-
gory of by-product. Marterial that qualifies for mclusion in this
category would not be labeled as solid waste or as hazardous
waste; rather it would be suitable for beneficial reuse in an
open market. The reauthorization of the rcpa may provide a
suitable opportunity for this change. ]
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